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AIR COMMBRCE MANUAL \ 04

INTRODUCTORY NCTE

ThHis marual contains material iintended to interpret and explain the
airplane asirworthiness requirements spe¢ified in the Civil Air Regulations,
part 04, referred to herein by the Code of Federal Regulations designation
6 CFR 04, to suggest how the presentation of technical data required in
corhection with an application for an airworthiness rating may be simplified
in order to expedite the checking thereof, ahd to present nceeptdable methods
for showing compliance with the requirements.

It should be understood that any method which can be shown to be the
oquivalent of one set forth in this manual will be equally ascceptable to the
Secretary., Likewise, any interpretation herein shown to be inapplichble to
a particular case will be suitably modified for such case on request. In
either event such acceptance or modified interpretation will be effective
as and when issued prior to subsequent incorporation herein. This manual
will be rovised from time to time as equally acceptable methods, mew inter-
pretations, or the need for additional explanation are brought to tha
attention of the Bureau,

The materisl in this menuasl is so arranged for correspondence with
the reguirements that, for example, ACM 04.030 corresponds to 6 (FR 04.030,

sand ACM 04.129-A]1 refers to a specific breakdown of € CFR 04.12%.

This edition of ACM 04 contmins material pertaining to 6 CFR 04.0
through 04.4. The remaining sections of 6 CFR 04 will be covered by
future additions. 0On the reverse side of this page will be founhd & form
for convenience in meintaining & record of subsequent revisions.
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04 ATRPLANE ATRWORTHINESS

GENERAL

TDEVIATICKS

1. In applying the specified requiremsnts,'the Bureau is not empowersd to
issue waivers. However, & requirement need not be ocomplied with to the
letbter, provided,

.8e 1t is not applicable because the airplane is shown to be unconven-
tional with respect thereto, in which cese a Speclal ruling will
be issued; or

b. . the objective on which it is based can be shown to have been attained,

In either case, the responéibility for such showing rests with the applicant.

2, As used in 6 CFR 04 "unconventional" refers not only to deviations from the
conventional with respect to general design and design details, but also with
respect to size. As the regquirements of 6 CFR 04 have been based largely on
experience with airplanes weighing less than 30,000 pounds, they cannot
logically be extended to aircraft of considerably greater size. Appendix 1,
conbaining suggestions on the trend of the requirements for large sirplanes,
has therefore been included for the information of designers,

CLASSIFICATION OF AIRPLANES.

1. It should be noted that the airworthiness requirements for normael and
1ight airplanes are the same except that in the latber case a8 rated engine
(see 6 CFR 04.60), an wmapproved propeller (see 6 CFR 04 61), and light air-
plane fabric (see ACM 04.415) may be used,

TECENICAL DATA REQUIRED.

l. A ‘btechnieal data file for sach model airplere for which an sirworthiness
rating is desired is necessary. This means that & complete file for each
model is required to the extent that reference can be mede to previously
submitted date for a similar model, Forms AC-C1-9 (Application for Type
Certificate) and AC 01~19 (Application for Production Certificete) should
refer to one model only. When more than one model is covered by the tech-
nical data submitted, separate spplications shovld be executed and forwarded
for each model,

SUBMISSION TO BRANCH OFFICE

1. TWhen dealing with Branch offices of the Bureau, particular care should be
taken to suwbmit all correspondence and the technical dats listed in 6 CFR 04,030
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04.031 ATR COMMERCE MANUAL

in duplicate. PFailure to follow this procedure may lead to seridus and
undesirable delay for the manufscturer ip the examination of date requiring
the attention of the Washington office.

031 DATA REQUIRED FOR AIEWORTHINESS CERTIFICATE.

1. General. When an airworthiness certificate only is desired the data
required is dependent on the particular problems involved in the design
concerned., As specified in 6 CFR 01.22, there are two kinds of airworthiness
certificates., They are classified by the symbols C and R. It will be noted
in 6 CFR 02 that the symbol C classifies an airplene as complying fully with
the airworthiness requirements of 6 CFR Ol and € CFR 04, whéreas the symbél R
classifies the airplane as complying in some limited respect with these
requirements, The data required as @ basiz for the issuarice of an airplune
sirworthiness certificate, specifying either the C or R colassification, are
substantially the seme. In faot, the process of demonstrating that the
deficiencies of R clagsification airplanes can be and are compensated for by
suitable operation limitations (see 5 below) will usually entail a special
study, by the applicant, of design date which have besen previously approved
and used as a basis for the issuance of an airworthiness certificate specify=-
ing € olassification,.

2, € = Classification, An airworthiness rating, under the terms of this
paragraph, is often sought by an applicant who presents a design with basic
features which have been previously approved by either the Army or the Eavy;
that is, & service type design. There is also the cese of a single sirplane
which is not.of a service type.

3., Serviece Types. In addition vo the application specified in 6 CFR 0l.21
and the three-view drawing specified in 6 CFR 04.031(a), the followirg dets
and information are neededs (It will be noted that a duplicstion of the
approved Army or Navy drawing and technical data files is mot desired).

8. & complete explanation of the ocurrent atatus of the modél asirplane
involved.

b. A ooxparison with the service type, describing the differences, if
anYye

6. Such drawings and technical dates as are necessary to substantiate
all of the differenges in the primary structures deseribed in

_acgoordange with b above,.

d. A copy of the Army or Navy specification(s) pertinent to the basic
service type.

e. Summary data, certified to by the Air Corps or the Bureau of
Aeronautics, whichever agency is imvolved, making clear the exsct
status of its finml approval and acceptance of the serviee type,
particularly with respect to grozs weight, design speeds, equip=
ment , approved center of gravity range, and flutter and vibration
characteristics.

£. One copy each of the complete: drawing and equipment lists.

4, 8Single Airplanse, Hot a Service Iype. In addition to the application and

three-view drawing (see 3 above), the following data and information are
needed:
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ATR COMMERCE MANUAL 044031

a, -Same as 3a.

b. The data specified in 6 CFR 04.031. The applicant for approval is
free to develop and present any means he can for showing compliance
with the specified requirements. Reports op satisfactory strength
tests may be substituted for strength analyses. (See 6 CFR 04,125
‘and. the references specified therein. Also see Inspection Handbook,
Chapter VITI for additional references to test procedures). In
most cases it is desirable that a personal contact be made to supple~
ment the material presented for consideration.

5« R ~ Classification. The necessary data and information listed under 3
and 4-above are also needed from the applicant desiring an approval under

R classification. The extent of the additional data required as a basis

for issuance of an airworthiness certlficate which specifies, as explained
in é CFR 02,111(b), the use, or uses for which an airplane bearing the
letter R is deemed airworthy, depends largely upon the nature and extent of
the deficiencies which exdist with respect to full compliance with the air-
plane airworthiness requirements. In view of the fact that it is practically
impossible to anticipate, in this publication, just what deficiencies may be
discovered by the applicant in each case, no specific references to necess—
ary additional data can be made. The following are examples of the type of
deficiencies which can be compensated for by operation limitations:

a. Excess take~off run or time, in which event operations can be limited
to take—off areas sufficiently larger than average to compensate for
the higher than average run or time.

b, Deficiency in wing strength for gust conditions when gross weight for
take~off is higher than that at which there is no deficiency (eligible
for C classification at latter weight), in which case operations can
be limited to suitably lower airspeeds, provided minimum maneuvering
1oad factor requirements can be met at such higher gross weight. In
thig comnection, because of the nature and usual time of the operation,
aircraft engaged in crop dusting (and only those) may be certificated
in the R classificdation at a gross weight 10% in excess of that for
which the aircraft would be eligible for C classification, without
further restriction beyond that limiting operation at such increased
gross to crop dusting.

6. It should be noted that there are possibly many deficiencies which cannot
be compensated for by operation limitations. In such cases, the airplane
cannot be made eligible for R classification unless revised to eliminate such
deficiencies, For example in the following cases the deficiency cited canmot .
be compensated for by operation limitations:

a. TUse of wmapproved equipment such as engine, propeller, wheels, tires,
floats ete.

b. Deficiency in strength of landing gear or in meeting landing speed
requirements unless means are provided for reducing the weight before
landing to that at which the aircraft is eligible for C classgification,
in the event a higher take—off weight has been authorized., The 10%
increase allowed for crop dusting is considered to be automatically
covered in this respect because of the nature (dumping dust) of the
operation,. '
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.032

¢. Deficiency in strength with respect to minimum maneuvering load
factors.

References to and proof of the industrial purpose involved should preferably
be forwarded for approval prior to the initiation of any extensive modifica-~
tions of the airplane. .

DATA REQUIRED FOR TYPE CERTIFICATE (TC)

1. When submitting data for a type certificate for large projects that may
require the attenticn of the Bureau for an extended period of time, it is
desirable that information as to the schedule of approximate dates when the
data will be received by the Bureau be forwarded at an early date. A
gample of a preferred gchedule of this nature ig shown in Fig. 1.

SAMPLE SCHEDULE OF SUBMISSION OF MODEL 120 TECHNICAL DATA TO THE
- DEPARTMENT OF COMMERCE.

1, Initiate Correspondence Regarding Plans for New Project July 1, 1937
2. Conferences and Correspondence re Special or
Unconventional Features August 1, 1937

3, Structural Research Data January , 1938
4e Determination of Applied loads February 15, 1938
5. Preliminary Weight and Balance Report February 15, 1938
6. Drawing and Equipment Lists May -1, 1938
7. Wing uroup . May 1, 1938
8, Engine Mount , May 1, 1938
9. Landing Gear ¥ay 15, 1938
10. Tail Wheel ' M=y 15, 1938
11l. Yacelle May 15, 1938
12, Tail Group Jume 1, 1938
13. Control Systenm June 1, 1933
14. Fuselage ' - July 1, 1938
15. Miscellaneous Tests With Pertinent Group.

16. D. of C, Conbrol Surface and CGontrol System Proof and Operating

Tests; Dynamic Drop Tests  October 1, 1938‘

The above dates represent the best present sstimate of the dates at which the
reports with assembly and detail drawings necessary for check can be submitted
to the Department of GCommerce,

Fig. 1

v
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(T¢) DRAWINGS

i. The requirements specified in 6 CFR 04.0320 are in sccordance with conven-
tional practice of established aircraft manufacturers and therefore should
cauge no difficulty to such orgsnizations. However, newly established compan-
jes should pasy particular attention to items (a) and (£) of 6 CFR 04.032C when
setting up & gtandard title block for all drewings. It is essential that odd
gize drawings be avoided as sizes other than standard are not readily sdapt-
able to standard filing cabinets.

2. Attention to the follewing list of frequently omitted items will be of
assigtance in expediting the work of the Buresau:

a. Complete dimensions, and references to all stendard parts such ms
bolts, nuts and rivets used in assemblying a given part.

b. Adequate material specifications and bend radii on sll shop drawings.

ce Location and details of conmtrol system pulleys and of centrol surface
stops.

d. Suvitable assembly drawings showing the method of assembly and calling
out the detail parts required for all mmjor installations.

es Adequate drewings and desoriptions of the operation retractable land-
ing gear control devices.

f. Drawings to show provision for expansion in oil tanks,

g. Deotails of measuring deviees for fuel and oil tanks.

h., Complete structural drawings of all ccmponents,

3. Whenever a drawing previcusly submitted for one model is also applieable
without oharpge to a new model, an additional copy of %the drawing is not required.
Eowever, as noted below, the drawing list should include a reference to the
rarticular model airplens for which the drawing was originslly submitted.
Whenever the manufacturer's drawing number system permits, all drawings

received by the Bureau are filed in a single somsecutive file. The drawings

list for each model will in this omase be filed separately according to the
pertinent model, In this manner duplication of files may be avoided.

»0320(f )REVISIONS .

1. The checking of revised drawings of relatively large size will be expedited
if the change letters are printed in two perpendicular margins opposite the
revigion on the drawing in addition to being inecluded on the revision bleck.
Each change must be adequately described in the revision block of the drawing
mless it is so described in a copy of a shop change notice attached to the
changed drawing when submitting it to the Bureau for approval.

.0320(g) THRER~VIEW DRAWING.

l, It is recommended that three-view drawings incorporate, in addition to
dimensions, only the aircraft and engine model designations. Although it has
been common practice to inelude a list of all items of egquirment on the three-
view drawing, this serves no useful purpose, as the equipment ig sovered by a

5
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SAMPLE DRAWING LISTS
(Ref. ACM 04,0321)

Iilst when only one new model is invelved.

MODEL 10 DRAWING LIST

IT.

III.

Drewing No. | Chenge Title Date of | Originelly
Drawing | Submitted
For Model |
WING GROUP.
22001 B Frame Agsembly, Outber Wing Tl lan37 10
22002 K Spar Assembly, Outer Front Tw1dw3T 10

FUSELAGE GROUP

POWERPLANT GROUFP = Etc.

Latest Revision 7/21/37.

List wher new model has only minor variations from previously approved
basic model (10),

MODEL 11 DRAWING LIST

With the excepbion of the drewings listed under A end B below the drewe
ing list of Model 10 epplies also to Model 11.

A. Model 10 Drewings not pertinent to Model 11, (See arrangement
under I sbave).

Be Drawings pertinent to Model 11 which are in addit ion to lModel 10
list less group A above. (See arrangement under I above).

List when new model is a major revision of a previously approved model

or models.

MODEL 15 DRAWING LIST

Drawing No. | Change Title Date of | Originally
Drawing | Sulmitted
For Model
WING GROUP
25001 - Frame Assembly, Outer Wing 1-28w38 15
25002 - Spar Assembly, Outer Front 1-29=38 15
25003 A Fitting,Front Spar,Root Attchmb]l-135-38 10
250Q4 B Fitting, Front Sper, Strut 1-14-38 | 11
Etc.
: latest Revision 3/27/38.
Fig- 2 -
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. 04,0322
separate list .and evantﬁally uppaafs on the appreowed aireraft specifieation,

Such practice results in e distinet disadventape whenever correciions or
additions to the list of eguipment are made as it is them mecessary to submit

A rrevised print of the three~view drawing to the Bureau. Sinece the Bureau
iGoes -notb eertify as to approved perfiormanes, and since the thres-view drawing
'is called .out con the drawing list which is sesled and returmed as part of the

type certificete, all references to performsnce should be omitted.
(IC) DRAWING LIST.

ls« In the preparation of drawing lists it is desirsble that the drawings be
grouped according to ithe airplene component concerned such as Wing Group,
Fuselage Group, ete. Within each group the drawings should be Jisted in
consecutive order.

2+ In the cagse of large airplenes the list of drawings hecomes very extensiwve,
If the manufacturer uses a straight numerical mmbsring system it may becoms
nocessary to supplement the official drawing 1ist arrenged according to con~
socutive mmbers by another list arranged according to components and sub-
assemblies, The latter lisgt will be used only as a ready reference for
locating information in the file and néed not be kept up Lo date #cecording

to the latest drawing chenges. Such supplementery lists meed not be submitted
in duplicate,

5. When submitting date for approvel of revisions to an approved file the
portinent pages of the drawing list should be attached in duplicate. The date
of the latest revision should be noted on the pertinent pages.

4. The drawing lists which are required to be submitted in duplicate for each
approved file mey take various forms dependent mpon whether the drewings sub-
mitted pertain %o ome or more models., Sample lists to demonstrate an mcecept-
able form for -the usual cases inveolved are shown in Fig, 2,

(TC) EQUIPMERT IISTS.

l. A recommended form for equipment lists is shown in Fig, 3.. This list
shows a method of handling items in 2 simplified form which may include &
number of related models and which makes it wnnecessery to prepare separate
lists for eech model.

"2+ In the checking of equipment 1ists by the Buresau, partlcular attention is

paid to ascertain:

a. The effects of the equipment installation on the sireraft structure.
The exsminer ascertains that satisfactory analyses and drewings are
submitted for such items as batteries, radios, extra fuel tanks,
flares, eto.;

b, That items for which approvel is regqwired by 6 CFR 04, such as wheels,
safety belts, ete., are of an approved type; and

ce ‘The effects of the equipment installation weights on the longitudinal
‘balance of the airplane. (See also ACM 04,0531),.
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RECCIMENDED FORM FOR
EQUIPMENT LISTS

CLASS I ITEMS
Item Horiz, Amm Welights Tsed on Models
Ho. Item ¥ake and Model From Datumk
A B c D E
b3 HACA Cowl Drwg. No., 39700 ~18 28,0 28,0 31.0 33.0 33.0
ga Propeller - Wood Hartzell 669M ~57 42.0 42.0
b Propellsr ~ Pixed Metal Curtiss 55501 w56 51.0 51.0 §1.0
3 starter - Diresct Bleotric Eclipse Ew80 =36 20,0 20,0 20,0 20,0 20,0
4 Generator - Engine Driven Belipse LV-180 36 18.0 18.0 18.0
] Storage Battery Exide 6-TrS~7~1 32 260 36,40 E6,0
[} Battery Box m—— enm ] ——— == ——
7 Position Lights Grimes A — ramm — — ——— —-—
8 landing Lights Grimes Retreetable 9 11,0 11.0 11,0
9 Instrumdnts
a. Compass
ba. Altimeter
2« Tachometer
10 Safety Belts (5) Rusco AE-200 -—— —— —— — -— o
11 Fusl Tanks - Two 35 gal. Drawlng No. 39724 30 — o —_— - _—
12 011 Tanks - (me 5 gal. Drawing No. 39745 =32 e —— — -— ——
1% Bonding B . — — - —-— -—— —
14 0il Cooler Drawing No. 17051 -18 —— - — —— -
15 Theels Hayes 651 M 7 75 75 75 75 75
(List tires when a special ’
type or size is required)
S Carburetor Air Heater Drawing No, 32001 -0
16k Carburetor Air Hester Drawing No. 32002 ~40
. OPTIONAL BATUIPVENT
(InoIudes Clase IT and Class IIT)
Item Used oz Total Instln. Hore Arm
No. Make and Model Nodels  Th. {#lNet From Datums
Increasa over
Class I)
20 Flares~-Farachute Interzational Mark I 411 17,0 106
3-1 /2 Minute Electric
21 Extra 20 gal. fuel tank '
{Plus 6 gal, oll tank-No inorsese) Drawing Ne. 39670 CoDWE 12.0 79
22 Speolal Upkolstering
as leather PMall Grain All 30.0 45
b. Isather Ssats only Full Grain A1) 11.0 41
23 Special Instruments
. d. large Compass ° Picneer Straitflight A1l 6.0 -13
e ' be Thermocouple Installaticn Weston 602 (Sihgle Lead) All 1.8 =13
o. Eto. :
24, Generators
as Engine driven
1. Bosck 1E 70/12 RS AsB 13 73
2. Bosch 1E 70/12 RE CyD B 5,0 ~52
25,  Radio Equipment
aes Receivers
1. RCA=AVRAT Series A1l 24 +&
(Chassis and Power
Supply) 18 -1
{Controls and Wiring) 6.0
be Compasses
1. ROA=-AVR=3 All 64.0 20
{Chassis and Powar
S (Supply) 43.0 15
R (Hoop Assembly) 10,0 40
: {Controls and Wiring) 11.0 15

* Distances measured aft Jf the datum are positive, those florward are negative,.

(REF ACM O4.0322)

FIG. 3 RECOMMENDED FORM FOR EQUIPMENT LISTS

- .0-8
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3. The following information is often ingorreetly or incompletely supplied
in preparing the required equipment lists. Careful attention to these details
will prevent delays from this source.

as The model designationr of both propeller hub and blades showld be speci-
fied together with the range in dismeter far which approval is desired.
Information regarding constent speed control units, ete., should be
inqllldEdo

b. Optional fuel and oil tarnk installations should be specified with
pertinent weights, capacities and locations thereof., TWhen the horizontal
arm of the fuel or oil in the tank is different from the arm of the
tark ingtellabtion the 1ist should include both arms,

¢. Items which include a number of distributed parts, sueh as a radio,
should be listed with the installation weight and its arm for bsalance
purposes, but the location of the main units should alsc be given.

de Wheels, tires and such items should be specified by model designation,
name of manufacturer and size, and the weights and horizontal arms
should be given. ]

es The weights of certein items sueh as position lights, saefety belts,
and specisl throttle controls need mot be specified but the list
should ineclude the model designation and name of manufacturer iu
order that it msy be determined whether or not they are of an approved
typs.

fo For speciasl items such as oarburetor heaters, oil coolers, etc., which
may not have a model designation, the pertinent drawing number should
be specified. .

gs The weight of items of equipment should be given to the nearest pound.

(TC) PRELIMINARY WEIGHT AND BALANCE REPORT.

l. This report determines the CG positions and the weights to be used for
design purposés. It should include the Balance Diagram (ACM 04,0324) and
the Weight Table (ACM 04.0225). As noted in 6 CFR 04,0323 the range of CG
locations for which rating is sought should be indiceted in this report. If
the limits of the final range &s determined during the Type Inspection (see
6 CFR 04,0531) appreciably exceed the design limits, use of the final values
should be substantisted insofar as they affect the design computations.

(TC) BALANCE DIAGRAM.

1. This diagram is used in the examinatior of the structural loading condi-
tions and the weight and balance report. The amount of detail necessery in
preparing an sccepbable balence diagream will vary cornsiderably depending upon
the size of the projest and the variations in possible loading conditions,
When large variations in the amount of egquipment are expected, it may be desir-
able to use & separste equipment balance diapgram,

2, The balance diagram should include the following:

fae Outline of the airplane (side view).

be Horizontal and vertical seales. For horizontal arms it is
preferable that the datum be chosen at some definite and ascoess~
ible point on the airplene, such sz a point at The leading edge of
the wing. This facilitates checking in the field. Distances aft
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of this point are generally assumed as positive and those forward
as negetive. TFor vertical arms the datum may be chosen at some
arbitrary loeation below the extended landing gear, so that all
distances are up and positive,

e Thtem designations. These desigpations (usually numbers) should
correspond with the designation used in the weight table {6 CFR 04.
0325) , and, when possible, with the designations used in the equipment
list and weight and balance reports.

d. Ibtem Locations. The verious items should be shown in the proper
loegtion on the outline noted in (a) above. Such location may be
indicated by a small circle together with the item designation noted
in (c) above.

¢. Dimensions. The following should be given:

(1) Length of MAC.

(2) Horizontel distance from datum to the leading edge of the MAC,

(3) Vertical distance from the datum to a definite and accessible
point on the airplane such as the centerline of the propeller.

3. A suggested form for the balance diagram for an airplane in the one to
five place size range is shown in Fig. 4.

4, For large alrplanes, and especially airline airceraft having many possible
loading oconditions, & more detailed balance disgram is necessary in order to
permit a ready check of many of the component items. The following method is
suggested as one possible means of solving the problem satisfactorily for
prectical use,

8. Prepare an outline drawing (side view), with established verticel and
horizontal reference planes located relative to some fixed point on
the airplane structure. Include certain additional parallel suxiliary
reference planes, oalled stations. designated by their distance in
inches from the established referemce planes. If possible, such
station designations shouwld agree with designations normaily used in
spocifying stations of the structure and in loeating vgrious eguipment
or structural items shown or msjor assembly drawings or equipment
installations. '

be In cases where it is not practieal to show each item as an individual
mpber on the diagrem, due to the large number of items involved, the
CG!s of groups of related items may be determined and each such CG
shown ag & single item on the balance diagram.

(TC) WEIGHT TABIE.
1. The weights shown in the weight table should be broken down and itemized

so that they may readily be used in the structural anslysis reports of the
individual components such as Wing, Fuselage, Engine Nacelles, eto.

(TC)STRUCTURAL REPORTS.

1. Although there is no regquirement specifying that reports submitted to the
Bureau must be checked for arithmeticsl accursey prior to transmittel, it
ghould be noted that 6 CFR 04.0501 provides for discontinwvance of the

«0-11
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(Sample title pege for enginesring reports)

* NaMe OF

MANGFACTURER

AIRPLANE™ MODEL NO.

REPCRT NC.

TITIE OF REPORT

Date

Revisions

Prepared by

Checked by

Approved by

Witnessed by

* or Engine, Propeller or Eguipment

Svbject Page

Prepared By Model
MANUFACTURER

Date Report No.

Checked By

(Semple title block for report pages)

REFACMO4.Q32&
FIG. § SAMPLE TITIE PAGE AND TITLE BLOGK
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exarivation of reports in event that taey contain errors which render them
unsatisfactory. In order to avoid delays in the checking of data it is
recommended that all computations be given an independent check by the
manufacturer and be signed by both the original computer and the checker,
A preferred form ef title page, and of title block of subsequent pages, of
engineering reports is shown in Fig. 5.

(TC) STRUCTURAL ANALYSIS.

1. The history of past airplane model designs shows that in practieally all
cases the original design weight is incressed sometime during the life of the
project. In order that the spproval of such changes may be handled without
undue effort and resultant delay it is essential that each structural analyses
report contain a table summarizing the minimum margins of safety determined in
the body of the report. Such report tables should include the name of the
element involved (such as spar), design condition, mergin of safety, and page
numbeér reference.

(T¢) TEST REPCRTS.

1. In the preperation of test reporfs submitted to the Bureau as partial proof
of a given structure it is essential that they contain as a minimum the follow=-
ing information:

8. Determination of test lomds (inecluding references to pertinent page
and number of stress analysis report). -

b. Distribution of loads durlng btest,

co Description and photographs of test set-up. (Detail views are
necessary in some cases.)

d. Description of method of testing.

6. Results of tests, including phobographs of structures found to be
eritical,

f. log of deflection data. ({Including sketches to show location of
points at which deflections were measured.)

ge Curves of deflection vs. load for each such point to permit determina-
tion of any evidence of permanent set.

h, Signature of Bureau representative(s) and manufacturing engineer(s).
who witnessed the test.

i. Sigpature of company engineer(s) responsible for test report.

STRUCTURAL INSFECTIOR.

1. In the event that, duwring the engineering inspection and flight tests,
modifications of the primary structure are required, which modification may
involve repeating certain tests (exclusive of flight tests) and the prepara~
tion of stress anslyses and revised drawlngs, the manufacturer should contact
the Buresu for scmment and rulings so that the flight Yests may be resumsd
with a minimum of delay. This may, in certain cases, make it possible for
the menufacturer to proceed with flight tests prior to the approval of
reports covering tests which have been repesdted.

82784 O—38-——2
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- #0631 TWEIGHT AND BALANCE REPORT.

ls & récummended form for weight and balance reports is given in Appendix IT.
This report is based upon the actusl weight of the airplane and the loadings
as flown in the type tests. .

2. The following references in 6 CFR 04 should be noted in comnection with
the specified reguirement: ,721,.7210,.7211,.740,.742,.90 and.%1,

3« As ‘the welght and balance report determines the equipment classificetion
used on the pertinent airecraft specification, the following explanation of
such classification is given:

B

b.

Class I (Required equipment) inecludes all items which must be installed
on the airplane at all times in order ‘that the airplane may be deemed
airworthy from all standpoints, i.e., structural, operationsl, mero-
dynamical and balance. For examﬁle, if an oil cooler is used to
comply with the engine cooling reguirements, the oil cooler is class-
ified a8 Class I equipment. Similarly., if an sirplane is equipped

‘with electrically operated wing flaps or an engine with battery igni-

tion,; the power source is clasgsified as Class I equipment. Wheels,

- propellers, safety belts, required fire exbtinguishers, etc., are

obviousiy Class I equipment. In addition to the above type of
required equipment it is often necessary to classify as Class I eguip~
ment, certain items which ordinmarily would be opticnal equipment, due
gsolely to the fact that the weight and balance report does not sub-
stantiate the removal thereof. For exsmple, when an item of equip-
ment , which would otherwise be optional, is ineluded in checks of
both the most forward and most rearward CG positions substantiated, it
is olassified as required esquipment for balance purposes only. (Ses
Sections 2(B) and 3(B) of the Sumple Weight and Balance Report in
Appendix II.)

Class II optionml equipment ineludes all items which have besn sub-
stantiated from struetural, operational end serodynamical stendpoints,
but not from a balance standpoint., All airplanes equipped with any
Clags IT item must be checked to ascertain thet the approved CG
limits are not exceeded with the most adverse loedings possible. It
should be noted that when any item of Class II equipment is added,
all optional equipment (including equipmert otherwise in Class IIT)
becomes, in effect, Class II equipment. A recheck of balance iz
therefore required if any subsequent change in equipment is made
while any Class II item remains installed.

Class I1I optional eguipment includes all items which have been sub-
stantiated from structural, operational and aerodynsmical standpoints,
and from a balance stardpoint assuming no Class II item is installed.
In order for an item of equipment to be eligible for such classifica=-
tion it must be shown that the CG of the airplane, equipped with all
Class I and no Class II items, will not exceed the approved limits
under the following loeding conditions: '

(1) If the item adversely affects the most forward CG condition ~
when it and only that portion of the useful load (persons,
fuel, o0il and cargo) plus only those other items of Class III

.'0‘14
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equipment which also adversely affect the most forward
CG eondition, are present.

{2) If the item adversely affects the most rearward GG con—
dition -~ when it and only that portiocn of the useful load
plus only thoge other items of the Class IIT equipment
which also adversely affect the most rearward CG condition,
are present.,

Note: The weight of the pilot will of course be included
in both conditions. Full oil is used in both con-
ditions except in the case of airline aircraft.

I+ should be noted that any item of optional e quipment having its
CG located hetween the approved CG limits automatically becomes
a Class III item of equipment.

APPLICANT'S FLIGHT TEST REFORT

l. In order to expedite checking of this report it is advisable that the
results of the applicant!s flight tests be recorded on a form of the type
uged by the Bureau inspectors in connection with the flight tests required
by 6 CFR 04.0320. Copies of this form may be obtained from the local
engineering inspsctor.

MINOR CHANGES

1. The procedure to be followed in obtaining approval of minor changes
will largely depend on the nature of the change involved. As soon as
time will permit additions will be made to this manual covering certain
gpecific changes in addition to that covered in 2 below,

2. TWhen a tail wheel and tire are appended to a previously approved tail
gkid ingtallation and the original provisions for shock absorption are
left intact, the following procedure should be fellowed in obtaining ap~
proval of the change:

e

- be

Co:

d.

Submit the usual file drawings.

Substantiate the strength of skid structure and attachment to
the fuselage if the point of contact with the ground of the
propoged wheel installation is forward of the tail skid shoe
contact point. For installations where the contact points
coincide or the wheel is to the rear of the skid contact point,
no structural investigation is required unless such procedure
appears necessary.

Obtain inspection of installation and weight check by a Bureau
representative.

Obtain recheck of landing and taxiing characteristics by a

Bureau representative, No investigatiom of the status of the

tire, strength of the wheel attachment to the skid, or the
energy absorption capaciiy need be made,

L] 0""15
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MAJOR CHANGES
GENERAL.

il. Major changes in existing designs will wsually entail an appre—
ciable expenditure of time and money on the part of the appiicanmt for
approval. Care should therefore be taken to determine the status of
such changes with respect to the pertinent regulations, prior to any
extensive rebuilding or conversion.

INSTALLATION OF AN ENGINE OF A TYPE OTHER THAN THAT COVERED BY THE
ORIGINAL TYPE (OR APFROVED TYPE) CERTIFICATE.

1. It is generally understood that the purpose of most changes in-

volving the installation of an engine of a type other than that

covered by the original approval is to permit full advantage to be

taken of improvements im engine performance which do not involve a

material increase in engine weight. This is of direct henefit to the

operator of the airplans, as it increases safety of operation and/or

performance by improving take~off, ¢limb, single-engine performance,

true cruising speeds at altitude, engine reliability, and engine life

between overhauls, with few (if any) changes in the aircraft structure.

It should be ecarefvlly noted that these benefits will be difficult to

obtain if t he changes made reguire or involve an increase in the orig—

inally approved airplane gross weight or placard speeds. If the changes

result in an increase in placard speeds, it will be necessary in any

event to reinvestigate the structure for compliance with the [lutter —
prevention measures referred to in 6 CFR 04.404. Before making a change :
in engine it is always advisable for an owner to contact the manufacturer

of the make of airplane invelved to learn if the. proposed change has ever

been approved by the Bureau. If there is a record of approval, it is

often a relatively simple matter to revise the airplane to conform with

the mesnufacturer's approved data,.

2. The generzal procedure to be followed, when the rated power of the
engine to be installed exceeds that originally used for design purposes
or exceeds the rated power of the engine being replaced, is described in
the following paragraphs. It consists, briefly, in substantiating the
atrength of the engine mount and adjacent structure for the TAKE-OFF
(ONE MINUTE) power and for the local increase in weight, if any, and
limits to0 the engine ovtput and indicated crulsing and never—exceed
speeds for subsequent peosting in the aireraft. The engine placard limits
differentiate between the power permitted for continuous operation
(MAXTMUM, EXCEPT TAKE-CFF), and that which has been approved for take~
off only (TAKE-OFF, ONE MINUTE), The following procedure applies to
medifications of existing designs but the principles will 2lso apply to
new degigns wnder congideration.

3. To expedi-te handling and to reduce the usual exghange of correspond—

ence to a minimum, the applicant for approval of the change should always
supply a complete description of the proposed engine replacement. When

«0~16
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an individual airplane is being modified it sheould be identified in

the correspondence as to name of manufacturer, model designation,
manufacturer's serial number and Federal number.  In addition, a new

or reviged airplane model desigmation should be sgelected to distin-
guish between the original approval and the airplanes with the revised
engine installation. The current status of the engine to be uged, with
respect to CAR 13, shouwld be determined prior to the completion of any
extensive changes, Field inspectors and district offices of the Bureau
are supplied with the approved list of engines and they will assist in
the determination of the status of the engine in question. Coples of
the approved engine specification can be obtained from the Bureau's
Information and Statistics Division in Washingbton. If the details of
the powerplant installation are effected, note that the pertinent re—
quirements specified in 6 CFR 04.0320(e) and 6 CFR Q4.6 call for certain
approved file data.

4o The data submitted should include a comparison of the weights of the
original and proposed engine installations, Information Paper No, 10
will be found useful in rechecking the balance. The aircraft specifica-
tion copies of which can be obtained from the Bureauls Information and
Statistics Division, includes the approved center of gravity range.

5, Changes in engine mowmt structure and the local effects of an in-
crease in engine weight must, of course, be investigated, See 6 CFR
04,061, 04,0613 and 04.26. The extent of such investigation will depend
largely upon the amount of inecreased power the applicant desireg to use
in take-off {one minute) and the remaining operations. See 7 below for
references to operation limitations. See 6 CFR 04.0320 for references
t0 the information reguired on drawings sutmitted covering the changes
made.

6. Airspeed Placard Limits, There are a large mumber of certificated
airplanes in gervice which do not display the placard speeds specified
in the current requirements. These zirplane models-were.approved prior
to the application of the 1934 edition of Aercnauties Bulletin No. Tmd
in which the reguiremente for airspeed placards first appeared in the
Bureau's airplane regulations. In these cases when the rated power of
the engine being installed exceeds that of the engine Installation orig~
inally approved, the following airspeed limits should be displayed:

a. Cruising: 0,9 Vi.

b. Never exceed: 1.2 Vy. Vy is the actual indicated high speed
in level flight obtainable with the power of the engine orig-
" inally used. '

If the applicant for approval wishes to raise these placard limits, there
are no objections to his investigation of the case. The current require.
ments will serve as a guide for determining which components of the aire
plane and pertinent loading conditions or design criteria involve a con~
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sideration of design airspeeds, For cases in which airspeed placard
limits were determined by the Bureau as part of the original approval,
the use of an engine with rated power in excess of that originally
used for desigp purposes will not require changes of the original air—
speed placard limits. However, as previously mentioned, an attempt to
increase these placard speeds will represent a revision of the basic
structural design data and as such will usually require an appreciable
amount of reinvestigation for purposes of determining whether the air~
plane structure can withstand the air leads*incident to:the:increased
performance., As a rule only the -airplame manufacturer or an experienced
engineer can efficiently make the necessary investigations. The Burean
does not initiate such studies.

7. Engine FPlacard Limits. .The airplanesdiscussed in the first part of 6
above in most instances do-not display the engine placard limits gpecified
in the current reguirements. In these cases when the rated power of the
engine being insgtalled exceeds that of the engine installation being re~
placed the following engine operation 1imits should be displayed:

a, Maximum, except take~off horsepower, not to exceed the output of
the originally approved engine installation which'is being re-
placed.

b, Tske~cff (ome minute) horsepower, limited by:

(1) Approved take~off rating of engine., See 6 CFR 04.60, 6 CFR 13
and approved engine specification.

(2) Status of propeller used. See 6 CFR 04.61, 6 CFR 14 and
approved propeller specification.

(3) Strength of engine mount structure. See 6 CFR 04.26.

(4) Fuel flow capacity. See 6 CFR 04.625.

(5) Engine cooling requirements. See 6 CFR 04.640.

For cases in which engine placard limits were determined by the Bureau
ag part of the original approval of the airplane,the usewsf an engine
with rated power different from that of t he engine being replaced will
require the display of new placard limits corresponding with the maximum
permissible output determined by the following:

a' Maximum, except take-off horsepower, limited by:
(1) Approved rating of engine. See 6 CFR 04.60, 6 CFR 13 and
- approved engine specification.
(2) Status of propeller used, See & OFR 04.61, 6 CFR 14 and
- approved propeller specification.
23; Strength of engine mount structure. See 6 CFR 04.26.

4) Fuel flow capacity tests. See 6 CFR 04.625. (There are a
few supercharged installations for which the maximum, except
take~off rating is greater than the take-off rating. There-
fore, the maximum, except takewoff power is used in determin-
ing the fuel flow required.)

(5) Full power longitudinal stability characteristics with rear-
most- center of gravity.
(6) Engine._cooling testa. See 6 CFR 04.640,
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)

i

L



([x¥)

A

ATR COMMERCE MANUAL 04,0612-C

(7) 7.Pesign power used in orlglnal anzlysis, if there is not .

_ correspondence between the actual indicated high speed
attainable with this- power and the design V; used in the
original snalysis. It will be noted that w}[{en there is
such correspondence the maximm, except take-off. power
limits may be. ingreased without increaging the maneuvering

"load ‘factors or requiring a recherkeof. the: gust conditions.
This will provide for the use of the makdmum, except take~
of f power for extended periods in:climbs or in any case in -
which the placard cruising speed is not exceeded.

' Take~Off {one mirnute) horsepower, limited by items listed in
-b{(1) to b(5) above.

8, Inspection and Flight Tests. Following reeeipt-and approval by the
Bureau of file data satisfactorily accouniing for the change in engine as
discussed inm“the foregoing paragraphs, the usual inspection and a recheck
of certain flight tests will be authorized. The extent of the flight tests
will depend upon the.nmature of the replacement with respect to the orlglnal
approval,

9. It will be of interest to designers to note that provision for future
increases in engine power and airplane performance can easily be made in
the original design .by the following methods:

a, Assume a power loading.of 12 pounds per HP in determining the
maneuvering load factors, (See Fig, 04~3, of 6 CFR 04).

b. Design the engine mownt, adjacent strueture,and power plant in-
gtallation for the ma.;dmm power which might possibly be used
in the future.

¢, Agsume & design high speed which will give a cruising speed
placard limit (at 0.9 V) comsidered high enough for all future
operations, cruising speed being defined as the speed of con-
tinuous operation in lewvel flight. In this comnection it should
be noted that speed placards refer to Windicated" air speeds and
that the corresponding actual cruising alr speed may therefore
exceed the placard speed at altitudes above sea level.

C CONVERSION OF APFROVED TYPE LANDPLANE OR SEAPLANE TO APFROVED SKTPLANE

STATUS.

1. There are two distinct steps involved in obtaining approval of an
airplane equipped with skis., These are as follows:

a. Approval of the ski model.
b. Approval of the airplane equipped with approved skis.

It should be noted that the approval of a ski and the approval of a ski
installation are two separate cases. The Bureau's approval of a ski for
a gpecified static load for quantity production under a type certificate
does not imply approval of the ski insgtalled on any certificated airplane,
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Tt meang only that the ski itself is satisfactory. This is true also
in the case of a single dget of skis where no type certificate is in—
volved.

2. Approval of the Ski Model. The strength of all skis must be sub-
stantiated in accordance with the requirements comtained in 6 CFR 15
(see also ACM 15) before they may be used on certificated aireraft,
whether or not the designer or manufacturer desires to obtain a type
certificate for the skis. The procedure for obtaining an approval for
skis is explained in 6 CFR 15. ‘

3. Approval of an Airplane Equipped with Approved Skis. Certain air-
plane models are already approved with certain specific approved skis
installed. The owner of a certificated airplane of some such model
wishing to install skis, need only install skis of the model with which
airplanes of his model are approved and his airplane will be approved
with the skis installed, upon the sziisfactory completion of an inspec-
ticen of the installation by a Bureau inspector, Should changes in the
landing gear be necessary to accommodate the skisg, the owner, of course,
must make the changes in accordance with the change data approved by the
Bureau. If the airplane is of a model which has not been approved with
the installation of skis of the particular approved model it is desired
to install, the procedure hereinafter outlined should be followed:

a., Technical data showing any changes in the landing gear should
be submitted to the Bureau for approval., This is not often
necessary, as skis are unsually designed to attach to the axles
in plaece of the wheels.

b, TUpon approval of the change data, if any, the installation
mgt pass a satisfactory inspection by a Bureaw inspector.

¢c. During this inspection, the inspector will cbtain the weight
of the ski installation and the weight of the wheel installa-
tion which has been replaced.

d. TUpon compleftion of a satisfactory inspection, the inspector
will witness take~offs and landings of the airplane equipped
with skis. The take—~off and landing characteristics of the
airplane eguipped with skis must be considered satisfactory
by the Bureau inspector,

4o If the airplane inspected and tested is a standard airplane of a
certain model and the skis installed are approved under a type certificate
and mapufactured wmder a production certificate or if the skis are manus
factured under an approved type certificate, all alrplanes of this model
will be considered eligible for approval when equipped with skis of the
model installed on the airplane inspected. The aircraft specification
will identify the approval accordingly.

5. If the skis installed are not approved under an approved type certif-
icate or were not manufactured under a production certificate, each aire
plane so equipped must wmderge the tests of 3d above in order to be

eligible for approval., The notes on the pertinent aircraft specification
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will list this distinction. See 6 CFR 0L.44 and & CFR 01l.54 for
references tc the distinction between approval under type certif-
icate only and approval under a production certificate.

CHANGES BY PERSOKE OTHER THAN HOLDER OF TYFE CERTIFICATE

1te As a gemeral rule extensive revisions of the primary structure

ghould not be undertaken witheut the cooperation of the airplane
manufacturer. Changes which appear to be wnimportant might geriously
affect the structural safety or fiying qualities, making the airplane
ungafe. The mamufacturer is supplied with complete strength calcu~
lations from which information regarding the approved member sizes
and material specifications can be obtained, Also, the manufacturer
may have already obtained the Buresu!s approval of the proposed change.

1. In the specified cases the Aldrcraft Specification is revised to
include the change{s) as an item (or as items) of Class II or Class III
optional equipment. (See ACM 04,0531},

l. In the specified cases the pertinent Aircraft Specification is
amended sclely by means of a Bureau interoffice eligibility memorandum
(EM) listing tke serial number(s) of the particular model which are
eligible for the change(s), Changes covered by such memoranda are sub—
sequently listed in the notes of Chapter IVIII of the Inspection Hande
book as follows:

&

nSerial (EM, date) with n,
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DEFINITIONS (INCLUDING STANDARD SYMBOLS, VALUES, AND FORSIULAS)
DEFINITIONS ADDITIONAL TO THOSE GIVEN IN 6 CFR O4.l.

l. Aerocdynamic Center, fiece The point on the wing chord, expressed ss a
fraction of the chord, about which the moment coefficisnt i1s substantially
constant for all angles of atiack. The theoretical looation is at 25 per
cont of the chord. The actual location may differ from the theoretical
location and may be determined from the slope of the moment coefficient
curve as oublined in ACM 04,129C.

2. Drag Areas The area of a8 hypothetical surface having en absolute drag
coefficient of 1,0,

3, Equivalent Drag Area, Sp. The drag area which, at a given value of .
dynsmic pressure, will produce the same aercdynamic drag as the bady or
combination of bodies under oensideration. (Note: Sp = 1.28 Sy ,where Sg

is the equivalent flat plate area).

8+ Sp, = estimated total drag area at high speed, in square feet.
When the value of V7, is known or has besn estimated, Sy, can be
determined by solving Eq. 18 in ACM 04, 1-C for 4. When it is
desired %o estimate Spt first in order to compute the value of Vq,
the equation Sy + CpSy can be used. 8 refers to the total
wing area exclusive o? the area replaged by the fuselage and Cp
oan usvally be assumed to be the minimum wing drag ccefficient.
Typieal values of Spp (Drag area of airplane less wing) are given
in Fige O

4, Margin of Safety, M.S. The margin of safety ls the percentage or
fraction by which ultimate strength of a member exceeds its ultimate load.

a, & linear margin of safety is one which wvaries linearly with the
ultimate load.

be A nonlinear margin of safebty is ome which is based on stresses
which are not proportional to the ultimate load. A nonlinear
margin of safety is not a true measure of the excess sirength of
a member,

STANDARD SYMBOLS
A~ a ~ position of mercdynamio center,
' fraction of chord: subseript

taatual®.

8.0, -~ gorodynamio center,.

o1-1
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B ~ b -
C - chord, feet; coefficient;
constant; subseript, ™chord®.

CP -~ cenbter of pressure,
Praction of chord.

G = center of gravity.

D -~ svbseript "drag®. ' d -
e -
¥ -~ force, lbs. f -
g -
HP ~ horsepower. J h -
i e
j~
K -~ a general factor.
I, = subseript ®1ift™ or "level™.
¥ - moment, £+ 1lbs; subseript m -
"moment™.
MAC - mean aercdynamic chord.
¥ - margin of safety.
N - subseript, "aormal force®. n -
0 -
P - design power {See 6 CFR r -
04.105); load, 1bs.
q. -

distance between spars, fraction
of chord; span of wing.

drag loading, th/sq £t.

unit wing weight, lbs/éq ft.
unit stress, Ibs/éq ing

front spar location, fraction

of chord; subSeript, "fuselage™.

acoeleratlon of gravity (= 32.2
Pt/ sec? }; subscript "gliding™.

distance measured perpendicular
to MAC, in ‘terms of MAC.

subsoript “induced®.

position of wing CG, fraction of
chord; factor of safety.

slope of 1ift cwrve, A C / radiang
moment divided by W; sdbscrlpt
"maximum vertical™.

load in terms of W {net value
equals acceleration factor)*.

swseript, "zero 1ift", Minitial",
"standard ses level®.

power loading, lbs/EP.

dynamic pressure. lbs/éq £t.

¥ Without subseript, n refers to an spplied load normal to the basie

wing reference chord.
.1"3
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R = resultant forece or reaction,
lbs; aspect ratio; subscript
"rosultant®,

8 - design wing area, sg f't.
(Ses 6 CFR 04.104)

Sp ~ equivalent drag area, sq ft.
(See ACM 04.1 -A3).

- equivalent flat plate ares,
q
sg ft.

T - tail load, 1bs.
- gust veloeity, £t/sec.

airplane speed, mi/hr.

5 4 o
i

- total weight of airplene
and conbents, lbs,

r -~ rear spar location, fraction of
chord.

s - wing loading, 1bs/sq f£t;
subseript, "stall®.

% = subseript "tail®™,

" u = subseript "ultimate®,

v ~ airplane speed, ft/sec.

w - unit pressure, lbs/éq £t
subseript ™wing".

E R
!

average unit pressure,
1bs/sq ft.

x - distance measured parallel to
MAC in terms of MAC; subsoriptw.

y - subscript, "yield".

2]
1

(alpha) - angle of attack,
radians or degrees.

B - (beta) ~ flight path angle,
degrees.

A - (delta) - inerement.
N - (eta) -~ propeller eéfficiency.

p - (rhe) ~ mass density of air.

* With subscript ™x", n refers to an applied load parallel to the basic
wing reference chord. (See Fig.22).

C STANDARD VALUES AND FORMULAS

Adir Density:

1. p, = .002378 slugs (1bs/32.2)/ou £t (standard ses level value).

olmd
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) 2. g = 1/2 pdVi
“ | = ,00119 vi (where vy is "indicated" speed, fps.)
= .00256 ?? (where V} is Mindicated" speed, mph.)
Basio Alrplene Parsmeters:
3. s =W/3
4. p=W/HP
5. 4=W/s5
~ Aerodynamic Coefficients:
6. Cp = (C5 + c%)l/z_
& 7« Gy = Cy cos a + GD sin a
8. Cg == Cp, sin a + Cp cos o (positive réarwar&)
9, CMk = Gy (x = CP) (Where x i§ the disﬁanoe, from the }eﬁding.edge,
‘ of the point on the chord about which the
moment is c¢omputed, expressed as a fraction of
‘the ohord). '
Forces, Unit Loadings, and Couples:

— 10. P, = (.8 q (Where x may be R, L, D, N, C, or M)

"X

- 11. FD = SD q
12, M =F,C (torque or couple)
=68 qC
13, w=0g |
14, n=T/W
15, F_. = 375 HP&/VE (propeller thrust, pounds)

Speeds:

1/3 3 .
527 (q_d/ba) /._(Pg/Pa)L/ (mph) = mctual air speed at
air density p,.

16. Vg,

1/2
17. V= 19.76 (s/0y max) (mph) = indioated stalling speed.

18, Vp = 19.76 (til)]'/2 (mph) = indicated theoretical maximum vertical
speed.
{Note: The valus of "d" should be the same as that used in, or

determined from, Eq. 16.)
o lub
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1. V3 = Va(pa/po) whers V.

indicated air speed.

Tg = actual air spesed. _
Py = standard density of air at sea level.
Pg = densibty of air in which V, is attained.

20s ACy =m (U/%) = change in Cp due to gust.

2l An=ACy (9/s) = change in load factor due to gust.

DESIGK WING AREA

l. In computing the design wing area the plan form of tapered or ellipti-
cal wings may be represented by a number of trapezoids closely approximat-
ing the actual plan form and having an equivalent ares.

2. Trailing edge cut-outs may in general be neglected if they do mot remove
more than one-half the chord.

3. The application of 8 CFR 04,104 tc meveral typical cases is illustrated
in Fig. 7. '

INDICATED AIRSPEED, V.

1. For stress anaslysis purposes all alrspeeds are expressed as "indicated™
airspeeds. The Mindicated" airspeed is defined as the speed which would be
indicated by a perfect airspeed indicator, namsly; one which would indieate
true airspesd at sea level under standard atmosphere conditions.

DESIGN 1EVEL SPEED, Vi _ ' -

1. This speed should be estimated as aceurately as possible or determined
from £light tests, If this estimated speed is less than the high speed in
level f£light of the airplane as finally debtermined from flight tests at
design power, either Vi, or P must be revised to show correspondence. If
the design power is revised, the reduced value will be entered on the air-
eraft opsration limitations placard as the maximum (execept-take-off) horse-
power, Iff V. is raised %o correspond with P, the structural analysis must
be revised accordingly.

DESIGN GLIDING SPEED, V.

1. The equation glven in & CFR 04.211 for the minimum value of V_, provides
. g

for the following factors:

a., Probability of exceeding the high speed in level flight. (Vg can
never be less than V.),

be Effect of cleanness and weight on the gliding speed whieh can be
attained at & given gliding angle, Both these quantities are
included in the fterm V,. Propeller drag at terminal speed is not
allowed for as the formule will not give values of V high enough
to cause the propeller thrust to reverse in directioi.

co Influence of airplane size on the maximum speed likely to be used.
The factor K, is an empirical factor based on the weight of the air-
plane. Its purpose is to provide higher design gliding speeds for
swall, highly-maneuversble alrplanes,

.16 | -
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DESIGN MANEUVERING SPEED., VP°

1, The equation given in 6 CFR 04.211 for VP is intended to provide for
the following factors:

8. V., cannot be less than the minimum speed of level flight.

b. Assuming that the size of the control surfaces 1s governed largely
by the neeessity for adsquate oontrol at the minimum speed, ‘the
formule tends to reduce the unit loading for the larger control
surface areas required when the stalling speed is low.

¢s The high speed of the airplane is ineluded in the formule as s
goneral measure of the mapgnitude of the maneuvering speed, sc thatb
the unit loading will be increassd with an increase in high speed.

de The faobor K, is an empirieal factor to provide for the more severe
maneuvers liEer to be experienced by small airplanes. This factor
is adjusted so as to meke the control surface loadings for average
airplanes agree approximately with those known to be satisfactory
from past experience.

AERODYEAMIC COEFFICIENTS.
GENERAL.

1. The soefficients mre absolute (non~-dimensional) coefficients. When
applied to an airfoil surface of given area ‘they represent the ratio betwsen
an schtual average unit pressure referred to the projected arsa of the airfoil
and the dynamic pressure corresponding to the flight condition being consid-
ered. The subscripts denobe the directlion along which the force is measured,
but do not change the basic reference area.

2, The subseripbts "L" and "D" refer to directions normel to and parallel to
the relative wind, while the subscripts "N" and "C" refer to directions
respoctively normal toandparallel to the basic wing chord. Subsgeript "R®
refers to the direction of the resultent force. These factors mre illustrat-
ed in Pigs. 8 and 9., Then the planes of the drag truss and 1ift trusses do
not coincide respectively with the planes of the basic chord and the plane

of the normal forces, a correction is necessary before the coefficients can
be used directly in the wing analysis method outlined in ACM 04,31. The
corrected coefficients are obtained by resolving the resultant force coeffici-
ents into components in the plane of the 1lift truss and drag truss, as shown
in Fig. 10. The effect on the chord coefficient may be considerable, butb

the correction for Cy will usually be negligible.

3+ Ths moment coefficient may be considered to be of the same nature as the
force cocefficients if the force to which it corresponds is applied as a

couple at the leading and trailing edges of the wing chord, as shown in

Figs. 8, 9 and 10. A positive moment coefficlent requires an upward force

at the leading edpge, as showm. The conversion of center of pressure position
into a moment’ coefficient about any given point can be easily accomplished by
means of Bqe 9 in ACM 04, 1-C. It should be noted that the center of pressure
and the moment coefficient are alternative in nature and can not both be ussd
at the seme time,.

+1~8
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B DETERMINATTON OF CORRECTED ATRFOIL CHARACTERISTICS. -129-C

1. The standard airfoil characterisiics for conventional airfoils are
ghtainable from NACA Reports and Technical Notes. The standard coefficients
must usually be corrected and several additional coefficients should be
plotted for use in the stress analysis. Simplified equations are outlined
below for this purpose and Table I has been compiled to facilitate the
numerical work, The results should be replotted in & convenient form such
as that shown in Fig, 11, where Cp is used as the basic coefficient, instead
of angle of attack, '

2., Aspect Ratioc Corrections. The methods of correcting for aspect ratio are
well defined and are outlined in various btext books and reports. The follow-
ing equations may be used in this connection:

R = ()% /8
Whers R = aspect ratio,
k = Munk's span factor for biplanes
{(for monoplanes k = 1.0),
b = span of longest wing, and
5 = design wing area (See & (FR 04,104),
1 1 1
E=g~ R R 0.1667

Where E = correction factor.
¢ = ag + 18.24 KC (Ttems 2 to 4, Table I).

Where ag = sngle of atteck (degrees) for a given C

when aspect ratio is 6, L

a = angle of attack (degrees) for same C

when aspect ratio is R. L

2
Cp = Op, + 0318 K O (Ttems 5 to 7, Table I)a

CD for given chwhen sspect ratio is 8.

Cp= " * ® n n n " ny

Where CD6

— 4
m =
i)
Where mg = slope of 1ift curve when aspect ratic is 6,
o= " n L n n n " LIS

C COMPUTATION OF ADDITIONAL CHARACTERISTICS.

le As indicated in Table T, certain additional characteristics are desir-
able and they may be determined as follows:

a, The normal force cosfficient, Oy, csn be determined from Eq. 7,
ACM 04,1-C, The steps involved are shown as items 8 to 12 of

«1-11
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COMDUTATION OF AIRFOIL CHARACTERISTICS

i Cy -0 |-8 —6 -4 |-2 0 .2 |4 |.6 |.8 lO[lZ |4?|e 1.8
2| g

3| A=18.24 KC

4la-@+@ .
5| Cp,

6| ACy, =318KC,? . JE i

1 0= ®+®) _

CDext.=+

8| COS o= COS

9| SIN cL=SIN (&

10| € cos a=(1)4®)

1| o siN aL=(7%(3) | ] |

(2| Cy= (0)+ (i)

13| C_ SIN aL=(Dx(® i

14| Cp cOS A=(TNB)

TVANVH EDEENNGD UIV

15| Cc= (9)— (2

C.P = C.P.6

C.P. gy, = a-Cpn

17| Cigy= (-25-(10)X (D)

18| Cm, = (7 (c~25)X(2)

19| Cpy=(8)/KR

20| Cp,=(7)—(9

21| AC,, (BIPLANE)

22| ACy, (BIPLANE)

23| C, =(D+@)

24| Cr, = (D+@D

Re  KeVeVem 2 TABLE —1 — aca ACy-

BREF ACMO4.i29-C
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Table I. It will be found that Cy is almost identieally equal to

CL for small values of the latter. This may not be true, howsver,
for unconventional or modified airfoils, such as those egquipped with
flaps. ‘
The chord coefficient, Cy, is determined from Eq. 8, ACM 04,1-C. The
steps are outlined as items 13 to 15 of Table I,

The moment coefficient about the assrodymamic center, Cmé is not given
in some airfoil reports. In some cases the moment coefficient about
the quarter chord point‘CMC 4 is plotted against Cp. In such cases &
straight line can be drawn %o fit the C surve as closely as pessible
{See Fig. 11). The average value of C3 isSthen cbtained from the
straight line where Cp = O. The position of the smerodynamie center
can then be obtained by the following equation:

8 = 025 - (G ~ Cy )

Where Cy. is the value given by the straight
line for C where Cyx = 1,0.

The values of a and Oy can also be cbtained directly from CP ourves
as outlined in steps 16 and 17 of Table 1, in which the walues of
CMC/E are debtermined. These values can be plotted against C;, and

the process for determining a and Cy can then be carried out as out-
lined above, In any case, the operatlons should be confined to the
values of Cp which lie on the substantielly straight portion of the
1ift coefficient eurve.

The value of Cy oan be separately determined for any given value of
C1, by means ofM%he equation:

Ci, = CMg/y + (8 = o25) Cy,
It may be advisable to p%ot these values for unconventional sirfoils
whieh do not have & well-defined serodynemic center. Provision is
made under Item 18 of Table I for detsrmining local values of Cma.

EXTBHSION OF CHARACTERISTIC CURVES.

1. In the accelerated flight conditions it is possible to closely approach
or exceed the meximum value of C, shown on the basiec airfoil characteristic
curve without the breakdown of the flow characterized by the change in slope
of the lift curve. The curve to be used for stress analysis purposes can be
extended to represent the effect of a sudden change in angle of attack by
the followling approximations:

fAe

Ce

de

Referring to Fig. 11, extend the curve of angle of atback, a, to
higher values of Cp by means of a straight line coinciding with
the substantially straight portion of the original curve. The
values of a sco obtained should be entered in Table I under item 4.
(The dotted lines in Pig. 11 3indicates extended values).
Determine the induced drag coefficiemt as outlined in item 18 of
Tabls I. R and K are defined in ACM 04.129~B,
Determine the profile drag cosfficient s item 20 of Table I.
Plot these wvalues for the original straight portion of the Cq,
ocurve and extend the curve so obtained along the same general path
followed at the lower wvalues of C1,, as shown in Fig. 11, Enter the
values of GD thus obtained under item 20,
Extend the CD curve by determining the values for item 7 of Table I,
&s indicatesd,

1-13



04.129"E

=
f.

ATR COMMERCE MARUAL

The C,, curve can be extended as a horizontal straight line.
The 9¥%ended values of Cy and Cc are determined as indicated under

items 8 to 15 of Table I, using the extended values of .
The CP values should be extended by means of the equation:

CP=a - Cma/ﬁm

using the extended values of Oy,

E BIPLANE EFFECIS.

1. The effects of biplane interference can be convenisntly accounted for
by a suitable modification of the corrected airfoil characteristic curves
illustrated in Fig. 1ls The modification of the various characteristics

for each wing can be carried out &s follows, referring to Table I:

Be

ba

Ce

Iift Coefficients. The individuml life coefficlents for each wing
should be determined for the useful range of average 1lift coefficient,
Cr,» (Item 2 of Table I). Appendix 1 herein comprises the acceptable
method and calls attention to the limitation in the application of
NACA Report No, 5031. This method derives increments which are added
to and subtracted from the sverage 1ift coefficient. Items 21 and 24
are provided in Table I for this purposs.

Norme) Force Coefficiesnts. The corrected normal foree coefficients
for each biplane wing are plotted on Fig. 11. These wvalues can be
determined from the original curve of average mormal force cooffi-
clent by using the corrscted values of Cp under items 23 and 24,
Table T. ‘

General Characteristies., It is not necessary to plot the remaining
characteristios for emch biplane wing as they can be readily deter-
mined by the following method. Given a design value of the average
Cxs the corresponding points on the Cy curves for each wing are
determined., This individual wvalue ofnbiplane €1, corresponding to
the biplane Cy are debermined by horizontal lines intersecting the
average Cy curve. The various coefficients for each wing are then
determined for these values of Cp, as indloated by the vertiocal
dotted lines on Fig. 1ll,.

o1wl4
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STRUCTURAL LOADING CONDITIONS.
DEFORMATIONS.

l. Detrimental permanent deformations are 1n general sonsidered as those
which correspond to stresses in exceas of the yleld stress. The yield
stress is defined as the stress at which the permanent gtrain is 0.002
inches per inch.

2. In determining the permanent deformations the offects of slippage or
Jjig deflection may be deducted if properly measuraed.

CONDITION I {POSITIVE HIGH ANGIE OF ATTACK).

1. This condition is illustrated graphically in Fig. 12, It is primarily
designed to represent conditions at which the highest positive acceleration
or load factor is likely to be obtained and is based on either a gust or
maneuvering condition. The maneuvering load factor increments given in

6 CFR Pige. 04~3 are semi-~empirieal and are based largly on past experience.
They represent the highest increments of ecceleration Thlch are to be expeot~
sd during maneuvers.

2. 43 it is possible to develop the 1imit lomd factor for Condition I in
varioug flight attitudes, s definite range of values of 0, is included, as
indicated in Fig. 12. This oorresponds to the assumptiorn that the limit
load feector will be developed at sveeds somewhat below the Vi,s the lowest
speed being that associated with the value of Cp, ... The modified flight
conditions, which are explained in succeeding sections, are intended to
provide for the effects of this assumption and sre so specified as to
require & minimwn emount of investigation,

3. It will be noted that in Condition I & value for the CP is specified,
instead of the moment coefficient., If it is desired to find the moment
coefficient to be used in Condition I, the values of CP and Cy_ can be
inserted in equation 9, ACM 04 1-C. In the case of a biplane, the proper
sorrection should first be made to the upper wing CP,

4. The arbitrary assumption of Cy = -.20 Cy is based on an average figure
for C¢ at Crpgy end an adjustment of the design speed to give ‘the ampplied
load factor required. If the gust condition causes the value of Cp to
exceed C » the chord coeffiecient will wsually be greater negatively than
the arbitrary value specified.

CONDITION I; (POSITIVE HIGE ANGIE OF ATTACK MODIFIED)

l. In condition I, the value of Cy required to produce the specified limit
lcad factor at the high speed of the airplane will usually be considerably
less than that corresponding to Cimaye Condition I is designed to be

02‘-1
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eritieal for the front spar in bending ard compression. For this reason

-arbitrary values of Cy and CP are wssigned, which ordinerily represent a

pull-up to the limit load factor at a speell lower than Vi. In certain
cages, however, the ascbusl accelerated cordition at VL mey be oritieal

for some portions of the structure, in which case it should be checked.

The characteristics used for Condition I, are Tllustrated on Fig. 13. This
condition apglies in any event to the Twllowing cases:

'8, Front Spar. When the tension Timnge or chord member of a front
spar is designed for low margins of safety in Condition I, the small-
er forward chord component which eccurs in Condition I may permit the
net ténsion load to bscome greater than that computed for Condition I
and thereby result in negative margins of -safety.

b. Rear Spar and Rear Lif't Truss., When a wing section having & amall
negative or a positive moment coefficient is employed, it is possible
for the remr spar to receive its greatest beam lomding when the limib
“1load factor Tor Condition I is developed &t the speed VL.

CONDITION II (NEGATIVE HIGE ANGIE OF ATTACK).

1. This condition represents the effects of encountering a downward gust

of 30 feet per second while flying at the speed V. The coePficients to be
used are graphieally illustrated on Filg. l2. The assumpbion of a zero chord
coefficient in certain cases is not a requirement, but is permitted in order
to simplify the analysis.

CONDITION III (POSITIVE LOW ANGIE OF ATTACK).

1. This condition represents an upward accelsration of the alrplans at its
design gliding speed V.. The coefficients to be used mre shown graphically
on Pig., 14, As in Condition I, the applied load factor is cousidered to e
produced by either a gust or a maneuver. As the speed V, iz the speed at
which the airplane will be flown least, and not at all iR very turbulent air,
the gust load factor formula iz based on & gust of 15 feet per seeond and

the arbitrary value of tho limit ecceleration required is less’ then that For
Condition I. This is further justified by the fact that Por a convenkional
2~spar wing, the value :of the limit load Pactor affects the rear spar load
much less than the wvalues of speed and moment coefficient used and is therefore
relatively unimportant. For other types of wings, the velues of speed and
moment coefiicient are again usually the more important with respeect to
torsional loading, the maximum beam loading being obtained from Condition I,

2« The use of the increment - 0,01 for the moment coefficisnt is to account
for the effeots of improperly rigged ailerons or flaps, inaccuracies in rib
construction, and roughness. The nature of the varistion of moment coeffici-
ent with these factors is such that the grestest eoffects will oeccur in the
oase of airfeils having the lowest moment cosfficients. The use of a mul-
tiplying correction factor would therefore be irrational as the opposite

affect would be cbtained.
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CONDITION 1II; (POSITIVE LOW ANGIE OF ATPACK, MODIFIED).

l. This condition is included to provide for the use of ailerons during a
pull=up or gust loading at the design gliding speed. It should be noted that
a relatively small downward aileron defleetion is sufficient to change the
moment coefficient from & very small negative or from a posibtive value to the
arbitrary value of =D.05 specified. The effect of the displaced ailerons on
high-moment airfoils is proportionately smell and for that reason no correc-
tiong are required for such airfoils. The basic value of -.05 specified
egrresponﬁs to the Mactual® velus of used in Condition III. The wvalue of
Cy o be used in such cases is therefore equal to ~.06. In general this
condition is eritical only for the rear spar and the rear 1lift truss. This
requirement is not applied to Condition IV, as the down load on the front
spar is mot as sensitive to changes in aileron position,

CONDITION IV (MEGATIVE LOW ANGIE OF ATTACK).

l. This eondition, which is graphieally illustrated on Fig. 14, represents

the effects of encountering s "down" gust of 15 feet per second while flying
at the design gliding speed, V_,. The considerations outlinmed for Condition

I1T in ACHM 04,2133 apply also 0 this condition,

CONDITION V { INVERTED PLIGHT).

le An airfoil which has a negative moment coefficient always tends to
produce an up load on the rear spar. It will usuvally be found, therefore,
thet none of the basic flying conditions produce any considerable down load
on the rear spar {or any considersble "stalling" moment sbout the elastic
axis of a wing). At large negative angles of attack, however, the moment
coefficient about the aerodynamic center approaches zero and may even reverse
in sign, This means that the CP approaches or lies behind the serodynamioc
center, QCondition V therefore represents such a condition, which is likely
to be developed only in inverted flight. The applied load factors represent
either a gust load factor, which mey be produced while flying inverted, or a
pull-up load Pactor based on the corresponding value for Condition I. For
simplicity the value of Cp is assumed to be zero. See Fige 15 for illustra-
tion of ‘this condition. :

2. It should be noted that the meximum redarward position of the CP for

large negative angles of attack (above the negative stalling angle) approaches
40 per cent of the chord as a practical limit. For highly maneuverable air-
planesg, it would therefore be advisable to use this location of the CP in the
inverted flight condition, in order to obtain adequate strength in the rear
1ift truss system.

3, In general, Condition V will not be critieal for portions of the struct-
ure other than the rear spar, rear lift truss, and fuselage carry-through
members, When & single-1ift truss is used, a preliminary cheek should be
mede for this condition.

CONDITICK VI (GLIDING).

1. This condition which is illustrated graphieally in Fig. 15, is aquiva-

lent to the assumption that while flying at & speed Vg a small negative gust

+2=5
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L4
changes the valus of Cg %o C « The increment of 0,01 is added to amccount
for surface roughress and protuberances.

2. When this condition is applied to biplanes having s single 1ift truss it
will usvally be found that only the lower wing is critieal with respect to
rearward chord loads.

GENERAL.

1. For internslly braced monoplane wings equipped with trailing edge flaps,
no stress analysiz of the wing structure as a whole need be submitted for the
flaps conditlons'VII and VIIT (6CFR 04.2141 and 04.2142), provided that the
avbrage value of G used in design conditions III and IV {6CFR 04.2133 and
04.2134) equals or exceeds the quantity

2
ch x (Vf)
Ve
where: is the average momeut cosfficient sbout the serodynamic

center (or at zero 1ift) Por the airfoil section with flap
completely extended. (The average moment coefficient refers
to a weighted average over the spen when Cy is wvariable. The
wing area affected should be used in weighting).

Ve is the design speed with flaps extended, as specified in
6 CFR 04,211,

V., is the'design speed used in oconditioms III and IV, as
specified in 6 CFR 04.21l.

Wher the above condition is substantiated, no balancing compututions for the
exbtended flap conditions need be submitted and these conditions can also be
elxmlnated from the design of the horizonbtal tall surfaces.

2. The foregoing inkerpretation applies to normal installations in which the
flap is inboard of the ailerons, or in which a full span flap is used. For
other arrangements it will be necessary to submit additional computations if
it is desired to prove that flap conditions are not oritical.

3., In all eases an investigation is required of the local wing structure to
which the flap is attached, using the flap design loads as determined from

8 (FR 04.2141 snd 04.2142. The strength of special wing ribs used with split
flaps, and the effect of flap control foreces, should also be investigated.
Reference should be made Lo current NACA revorts and notes for acceptable
flap data,.

GENERAL.

1, It is specified that the angular inertis of the wings shall be assumed
equal to zero in the analysis of the unsymmetrical flight conditions because
of the relatively meager existing data concerning the loadings which may
actuwmlly oscurs If, however, more rational loading conditions can be shown
to be applicable, the use of the wing inertia may be permitted. Such loading

,2-6
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conditions should be based on studies giving consideration to unsymmebriocal
entries into gusts, to gusts affecting one wing only, and to meaneuvering
with ailerons.

2, The unsymmetrical flying conditions apply particularly to cabane brac-
ing, which should be considered as part of the 1ift truss.

3+ In applying the unsymmetrical flying conditions the approximate method

of applying adjustments directly to the wing reactions may be used if desired.
This method obviatss the necessity for an additional determination of the
beam load, oxcept in cases where the w1ng'mnment coef'ficient and aileron
disposition are such as to have made necessary an amalysis of Condition 1114,
when 100 per cent of the lomds from that condition are to be applied on onme
side and 70 per cent of the lomds from Comdition III on the other side.
Actually, however, the change in loading on one side of the wing does not
imply a proportional difference in the loading for sach component of the
structure but affects mainly the values of Cy. The gein in acouracy which
would result from a more rational analysis is not believed to be worth the
additional labor involved, in view of the arbltrary rature of the unsymmetrieal
flying conditions.,

GUST AT REDUCED WEIGHT.

l. Tt should be noted that a decrease in airplane gross weight will increase
the gust load factor. This may cause oritical loads to be developed in parts
of the structure supporting dead weight. This should be thoroughly investiga-
ted in the case of alrplanes having a widely variasble losding. In cther cases
it can uswvally be demonstrated thaet the gust at reduced weight condition is
ceritical only for the forwerd portion of the fuselage, the engine mount, and
the attachments of items of dead weight,

WING TANKS EMPTY,

1. The specified weight reduction has particular application to cases in
which the maximm authorized weight is based on full pay load and a fuel
load of .15 gallons (9 pounds) per certified maximum (except take-off
horsepower) in accordance with CAR 04.740. In all other cases the reduction
in weight may equal the weight of fuel that can be carried simultanecusly
with full pay load.

WING LOAD DISTRIBUTION.
SPAN DISTRIBUTION.

l. The span distribution of normal foree coefficient (GN) in the ecase of
wings having less taper than that corresponding to a mean taper ratio of 0.5
and not having aserodynamic twist should be assumed to vary in sccordance with
Figse 16 and 17, which are assumed to represent two extreme cases of tip
loading, Bach case should be investigated unless it is demonstrated that only
one is critieml. The mean taper ratio is defined as the ratio of the tip
chord (obtained by extending the leading and trailing edges to the extreme
wing tip) to the root chord (obtained by extending the leadinpg and trailing
edges to the plane of symmetry).
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pet————————— ACTUAL SEMI-SPAN

FIG. 16 SPAN DISTRIBUTION - NO TiP LOSS

LI
| 0

STATION WHERE
CHORD = DISTANCE =
TO EXTREME TIP, ~ . TIP_LENGTH

FiG. 17 SPAN DISTRIBUTION - WITH TIP LOSS

L%J

REF. ACM 04.2I7-A

NOTE : ABOVE FIGURES APPLY
ONLY TO WINGS WITHOUT
AERODYNAMIC TWIST BUT
HAVING MEAN TAPER RATIOS
GREATER THAN 0.5

FIGS. 16 & I7. SPAN DISTRIBUTION
OF Cy FOR WINGS.
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2, In all other cases, the span distribution shall be determined by rational
methods unless it is shown that a more severe distribution has been used.
Accoptable methods of determining rational span distributions are given in
the Army-Nevy-Commerce publication ANC-1 (1), "Spanwise Air Load Distribu-
tion® (obtainable from the Superintendent of Documents, Washington, D. Ce,
at the nominal sum of 50 cents), in NAGA Technical Report No, 585, and in
NACL Technical Note No. 608. '

%+ The effects of nacelleg on the normal foree coefficient may, in general,
be negrlected. Their effects on chord loads are outlined in ACM 04. 217-C.

4, The effect of trailing edge cut-outs which remove less than 50 per cent
of the chord may be neglected when Figs. 16 and 17 are used.

B. TWhen the normal force coefficient is mssvmed to vary over the span, the
values ugsed shall be so adjusted as to give the same tobal normal force as
the design value of Cy acting uniformly over the spans = (See ACM 04.217-D
for additional information),

6. When Figs. 16 and 17 are used the chord coefficient sliall be assumed %o
be constant along the span, that is, it shall be assumed that tip lose does
not affect the chord avefficient,

CHORD . DISTRIBUTION.

1. The approximate method of chord loadings outlined in ACM 04.313 for the
testing of wing ribs is suiteble for conventional two spar construction if

the rib forms a complete truss between the leading and trailing edges. An
investigation of the mctual chord loading should be msde in the case of
stressed-skin wings if the longitudinal stiffeners are used to support direct
air loads., In some omses it is necessary to determine the actual distributionm,
not only for btotal load but for each surface of the wing. If wind tunnel data
are not availsble, the methods outlined in NACA Reports Nos. 383, 411 and 465
are suitable for this purpose. These methods conaist in determining the "basic”
pressure distribution curve st the "ideal™ angle of attack and the "additional®
pressure distribution curve for the additional angle of attack. These curves
can be coordinated with certain values of Oy, so that the final pressure dis~
tribution curve can be obtained immediately for any Cp. Curves of this nature
for several widely-used airfoils can be obtained directly from the NACA.

2. leading Edge Loads. On high speed alrplanes the lesding edge loads
developed may be exceptionally severe, partioularly the "down" loads which
are produced by negative gusts when flying et the design gliding speed. The
magnitude of such loads can be estimmbted, without determining the entire chord
distribution, by the method outlined in NACA Report No. 413,

3. Effects of Auxilimry Devices, TWhen a design speed higher than required is
used in qommection with wing flaps or other auxiliary high~1ift devices, it
will be necessary to determine the chord distributlon over the entire airfoil,
The effect of any device which remains operative up to V, should be carefully
investigated. This spplies particularly to suxiliary airfoils and fixed slots.

82784 O—38—t
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FIG. 18 -DETERMINATION OF EFFECTIVE NORMAL FORCE COEFFICIENT

ATR COMMERCE -MANUAT

MAC

AEROCDYNAMIC
GENTER, :

(a)

LEADING EDGE-
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—
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(b)

d)

(Ref. ACM 04,217-D3)
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¢ SPECIAL LOADINGS.

1s Parasite Drag. The drag of large items attached to the wing cellule
{such as nacelles) shall be estimated end considered in conjunction with the
conditions in which the addition of such & drag load may result in & oritioal
load in any msmber(s).

2. Propeller Thruste. The propeller thrust from a nacelle may be nmeglected
in the detalled amalysis of the wing structure, with the following exceptions:

a. When the nsmcelle location is such as to produce large loeal loads
on the wing structure (nacelle sbove wing, etc.)

b. When, in mlti-engined airplanes, nacelles are locatsed at a consid-
erable distance from the plane of symmetry, in which case the wing
attachment structure should be analyzed for the case of full power
applied on one side only.

D DETERMINATION OF RESULTANT AIR FORCES.

le & general method is outlined below for determining the mean effective
valus of the normal force coef'ficient., the average moment coefficient, loca-
tion of the mean asrodynamie center and value of the mean aserodynsmic chord.
These factors are needed in order to determine the balsncing loads for various
flight conditions. The most general case will be considered, so that certain
steps can be omitted when simpler wing forms or spen load distribution curves
are involved.

2, In general, the summation of ell forces acting upon a wing can be
expressed as a single resultant foree aoting at & certain point and 2 couple,
or moment of dir forees, about this poinbt., If the point is so chosen that,
at constant dynamiec pressure, the moment of the alr forces does not appre-
oiably change with a change in the angle of attack of the airfoil, the

point can be considered as the mean mercdynamic center of the wing. The
regultant force can be resolved intc the normel and chord components and
reprosented by the average moment coefficient, Cy, multiplied by a distance
which can be counsidered to be the mean serodynamic chord. Ihe values of the
above gquantities and the location of the mean aerodynamic center will depend
on the plan form of the wing and the type of span distribution curve used.

3. For cozvenience and elarification, Table IT has been developed and the
various curves obtained as s part of this method are illustrated in Figs. 18,
19 and 20. It should be particularly noted thet when the area under a

curve is referred to, the area should be expressed in terms of the product

of the units to which the eurve is drawn, The prosedure is ss follows:

ae. Fig. 18a illustrates the actusl wing plan form, plotted to a
suitable scale. This should agree with the definition of design
wing ares given in 6 CFR 04,104,

b. Fige. 18b shows the variation of wing chord, ¢, with span. The
values of C are entered in Table II as item (2). The area of the
figure should be accurately determined and comverted to the proper
units., It should be one~half the value of design wing srea.

w2=11
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F1G. 19 - DETERMINATION OF MAC AND MEAN AERODYNAMIC CENTER.

(Ref. ACM 04.217-D3)
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Fige. 18c represents an assumed span distribution cuwrve. The

factor By, represents the ratio of the actual Cy at any point to the
value of Cyo 8t the root of the wing. Values of By from this curve
are sntered in Teble II under item (3).

Fig. 184 is obtained by plotting RyC (ibem 4) in Table II against
span. The ordinstes of this curve are proportional to the actual
force distribution over the spen, The area under curve 18d should
be accurately determined and expressed in the proper units. K,
the ratio of the mean effective Cy t6 the value of € o {at the root)
is obtained by dividing the area undar cwrve 18d by ‘the ares under
curve 18b, using the sams units of measurement for esch srems. This
value of K- is indicated by the dotted line on curve 18ec.

To determine the loocation of the mean aserodynamiec center along the
span, Fig., 19n is drawn, . The ordinates are cbtained by multiplying

‘the ordinates of ourve 184 by their distence along the span, as

shown in item 5, of Table II. The areda under curve 19a divided by
the area under curve 18d gives the distance from the wing root to

the chord on which the mean serodynami¢ ocenter of the wing panel is
loeated., This distance is indicated on Fig. 18a by the dimension b,
The loous of the merodynamic centers of each individual wing cherd is
plotted on Fig. 18a as the dotted line A-B. In Table II the distance
"x® from the base line O~ to the line A-B are entered under item 6,
Fig. 19b is now plotted, using as ordinates the values of R, Cx
cbtained from item 7 of Teble ¥I. The area under curve 19 divided
by the area under curve 184 gives the distance of the mean ssrodynamic
center from the base line O-E in Fig. 18a. This distance is indiecated
a5 x on that figure.

If it is assumed that the moment coeffiocient about the aerodynamio
conter of éach individual chord is congitant over the apan, the magni-
tude of the mean serodynesmic chord is determined by means of Fig. 19e.
The ordimates for this curve are determined from item 8 of Table II.
The area under curve 19: divided by the area under curve 18¢c gives the
value of the mean aserodynamie chord. By way of illustration, it ls
drawn on Fig. 184 so that its serocdynamic center csoineldes with the
location of the mesn asrodynamic center of the wing panel,

In cages in which wing flaps or other suxiliamry high-lift devioces are
used over a portion of the span it is desirable to cbtain the mean
effective moment coefficient. This iz the coefficient to be used for
balancing purpeses in connection with the mesn asrodynamic chord
previously determined under the assumption of e uniform moment coeffi-
cient distribution. In Table II under item 9 the local wvalues of the
moment coefficient about the serodynamic center are entered., These
are also plotted as Fig. 20a to illustrate a type of distribution
which might exist, _ '
Pig. 20b is plotted from the values indicated under item 10 of Table II.
The area under this curve divided by the area under curve 19¢ gives the
mean effective value of the moment coefficient for the entire wing
pansl,

In the ocase of twisted wings a different span distribution exists for
each angle of attack., The losation of the resultant forces can,
however, be determined in the above manner for any known span distri-
bution.

«2=13
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FIiG.20 - DETERMINATION OF MEAN EFFECTIVE MOMENT COEFFICIENT

(Ref'. ACM 04.217-D3)
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TABIE II
DETERMINATION OF RESULTANT AIR FORCES
(Ref. ACM 04.217-0)
smi-smn
o, ITEM Root Tip |

(1) Span = b 0
(2) Chord = C
(3) By
() RBRc=® = @ ;
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E RESULTAWT FORCES ON BIPLARES.

1, The mean aerodynamic center location and the value of the mean serodynamic
chord for each wing panel can be found as outlined in ACM 04.217-D., When wing
flaps or other suxiliary high 1ift devices are used the mean effective moment
coefficient for each wing pansl should also be obtained. For a given flight
condition, the values of Cy for each wing can be determined from Teble II. The
location of the mean aerodynamic center of the biplane and the determination
‘of the resultant forves and moments can be accomplished as follows, referring
to Fig. 21:

2. The mean serodynamic center of the biplane ocellule lies on a straight
line conneoting the mean serodynamie centera of the two wing panels,.
The location on the line is determined from eguation (a), Fig. 21.

b. Assuming that the mean effective moment coefficient ig the same for
esoh wing pansl, the value of the mean serodynsmic chord for the bi-
plane is determined from equation {b), Fig. 21.

o. If the mean effectlive moment coefficlents for the two wing panels are
differsnt in valus, the effective moment coeffieient for the biplane
can be determined from equation (c), Fig. 21.

2. 'The msan merodynamic center of a biplane, as determined above, is bazed on
the relative vaslues of the normal fordes aeting on each wing. When the aver-
age normal force coefficient for the entire biplane is near zero, the relative
loading on the wings varies over a wide range and the meen aerodynamic center,
if determined as outlined above, would in some cases lle entirely outslde of
the wing cellule. For the seme sonditions, however, the chord foree cosffioci-
ents for the wings would be mearly equal, so that the resultant chord force
would not act at the ssme point ar the resultant normsl foree. As the loeation
of the mean merodymamic senter is of interest mainly in balancing and stability
computations, the following approximations and assumptions are permissibles

a. 4 single looabion may be sasumed for the mean serodynamic center for
all the balansing conditions. '

be. When the investigation of two different span distributions is required,
the more nearly constant span distribution may be used in determining
the mean asrodynamic center and MAC.

c. The computations may be made for an average value of Cyx = 0.5, unless
the biplane has an unusual amount of stagger or deocalage, or iz other-
wise unsonventional,

de When the use of a single location for the aerodynamic center iz not
sufficiently acourate, the computation of the mean eerodynumic center
for the entire biplane should be omitted and in balancing the airplane
each wing should be treated as a separate unit,

«218%  BALANCING LOADS.
A GENERAL.

* I¢ will be noted that there is no .218 section in 6 CFR 04. The subjeot
of balancing loads has, however, been assignsd this mmber in order to
provide better contimuity within the Manual.

«2=17
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® Aerodynamic center of N,A.C.
@ center of gravity of entire airplene,
® Assumed C.P. of tail surface.

@ Center of propeller,

o« = angle of attack, degrees (shown positive).

2 = gliding angle, degrees,

n = force N (positive upward and rearwsrd),

m = moment /W (positive clockwise as shown),

x = horizontal distence from () (positive resrward),

h = vertical distance from@ (positive upward),
A1l distances are expresged in terms of the M.A.C.

FIG. 22 BASIC FORCES IN FLIGHT CONDITIONS

(Ref. ACM 0D4,218-B)
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l. The basic design conditions must be converted into conditions represent-
ing the external loads applied to the airplane before a complete stress analy-
sis can be made., This process if commonly referred to as "balansing" the
airplane and the final condition is referred to as a condition of Mequilibrium®.
Actually, the airplane is‘'in equilibrium only in steady unaccelerated flight;
in agcelerated conditions both linesr and angular accelerations met to change
the veloeity and attitude of the airplene. It iz customary L6 represent a
dynamic condition, for stress analysis purposes, as a statiec condition by the
expedient of assigning to each item of mmss the inereased force with which it
regists acceleration, Thus if the total load aocting on the airplane in =
sortain direction is "n® times the total weight of the airplamne, sach item of
mass in the sirplane is assumed to act on the airplane structure in exactly
opposite direction and with a foroe equal to "n" times its weight.

2. If the net resultant moment of the air forces acting on the asirplane is
not zero with respect to the center of gravity, en angular acceleration
results. An exmet analysis would reguire the computation of this angular
accoleration and its gpplication to each item of mass in the airplans, In
general, such an snalysis is not necessary except in certain unsymmetrical
£light conditions. The usual expedient in the case of the symmetrical flight
conditions is to eliminate the effects of the unbalanced couple by applying a
balencing load nesr the ‘tail of the airplane in such a way that the moment of
the total force about the cenbter of gravity is reduced to zero. This method
is partioularly convenient, as the balancing tail load can then be thought of
either as an aerodynamic force from the tail surfaces or as o pert of a couple
approximately reprosenting the angulsr inertla foreces of the masses of and in
the airplane, Considering a gust condition, it is probable that angular iner-
tia forces initially resist most of the unbalanced couple added by the gust,
while in & more or less steady pull-up condition the balancing tail load may
consist entirely of a balancing eir load from the tail surifaces.

BALANCING THE ATRPLANE.
1. The following considerations are involved in balsneing the eirplane:

a. Full "power on" is assumed for conditions at v, {Conditions I and II),
but for conditions at V, (Conditions III and IV) the propeller thrust
is assumed to be zero,

b, It iz assumed that the limit load factors specified for the basiec
flight oonditions are wing load factorse A solution is therefore made
for the net load faotor acting on the whole airplane. The value so
determined oan then be used in comneotion with each ibtem of weight
(or with each group of items) in analyzing the fuselage. For balang=
ing purposes the net Pactor is assumed to act at the center of gravity
of the alrplanse,

0+ Assuming that it is possible for a load to be acting in the opposite
direction on the elevator, it is recommended that the center of
pressure of the horizontal tail be pleced at 20 per cent of the mean
ghord of the entire %tail surface, This arbitrary location many also
be considered as ‘the point of applieation of inmertia forces resulting
from angular aceeleration, thus simplifying the balancing process.

d. In Fig. 22 the external forces are assumed to be acting at four points
only, The assumption can gemerally be made ‘that the fuselage drag
asots at the center of gravity. When more accurate data are available,

22=19
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TABIE III
BALANCING COMPUTATIONS

(See Fig. 22 for symbols)
{Ref: ACM 04.218-B3)

v = ft/asec. YV, = f:/uso.

Fo.| Ttem X m | mr |
'(1) W = gross weight, pounds o

(2) | q = .00119 ¥®

(s} o=@ /A,

()] o/s=(® /B |
5) 1y = applied wing load factor
&) cx=®/

(7) Cj, corresponding to Cy

(8) { ¢ |

c
()] 2= ® = ®
(20)| ngy = P /@

{(13)] ©7_ = design moment co-
afficient

@) = -@=®
" H(18)f =ng = tail load factor

i14){ g = =(® - (19 = net load

. faotox
03] 2z, = - @ - (9 = arord
() * = ®= @) = tai

load
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the resultant fuselage drag force can of course be computed and
applied at the proper point. In cases where large independent items
having considerable drag (such a&s nacelles) are present, it is advig-~
eble to extend the set-up shown in Fig. 22 to include the additional
external forves.

2. As shown in Fig, 22, a convenient reéference axis is the bazic chord line
of the mean serodynsmic wing chord. (The basic chord line is usually speci-
fied along with the dimensions of the airfoil section). The determinstion of
the size and location of the MAC is outlined in ACH 04.217-B.

3. A tabular form will simplify the computations required to obtain the
balaneing loads for various flight conditions. A typieal form for this
purpose is shown in Teble III, In using Fig. 22 and Table IIT the following
agsumptions and conventions should be employed:

g If known distances or forces are opposité in direction from those
shown in Fig. 22, 8 nepative sign should be prefixed before insert-
ing in the computations. For instance, in the ocase of a high-wing
monoplane, ho will have a negative sign. Likewliss By, will be either

negative or zero in all cases. The direction of unknown forces will
be indicated by the sign of the velue obtained from the equations,
A negative value of ng will usually be determined from the balancing
procéss, indieating a down load on the tail., For conditionms of
positive acceleration the solution should give a negative walue for
ngs a8 the inertis load will be acting downward. The convention for
m) corresponda to that used for moment coefficients; that 1s, when
the walue of Oy is megative m; should also be negative, indieating a
dlving moment. .

b. All distances should be divided by the MAC before being used in the
eomputations,

8o The propeller thrust may generally be mssumed to act parallel to the
basio reference line.

d. The chord load acting at the tuil surfaces mey be neglected.

4, Compubtation of Balanoing Lomds, In Tmble III the computation of balancw
ing loads is indiested for typical flight comditions., The eguations are
based on the fact that the use of the average force coefficierts in connec~
tion with the design wing area, mean aerodynamic chord, and mean aerodynamie
conter will give resultant forces and moments of the proper magnitude,
direction and location, Provision 1s mede in the table for cbtaining the
balancing loads for differemt gross weights. The table may be expanded %o
include computations for several loading conditions, special flight conditions,
or conditions involving the use of auxiliary devices. It should be noted that
a change in the looation of the (G will require s correspondlng change in the
values of x3 and hy, on Fig. 22.

&4, When the full-load center of gravity position is varigble the mir-
plane should be balanecsd for both extreme positions unless it is
apparent that only one is critieal. In eertain cases it may also
be necessary to check the balanecling teil loads required for the
loading conditions which produce the most forward and most rearward
center of gravity positions for which approval is desired.
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5. The following explanatory notes refer by number to items appearing in
Table III;

(3) The wing loading, s, should be based on the design wing area.

(5) =nj = limit load factor required for the condition being investi-
gated. (See 6 CFR 04.21).

(8) Determine Cg as speeified in 6 CFE 04.21, See also eqs 8,
AGM 04 o 1"'0 »

(10} Propeller thrust, F,., should be determined from Eq. 15,
ACHM 04, 1-C for conditions at V.. For conditions et Vg assume

Txy = Ce

(11) The valuve of C! is specified in 6 CFR 04.21. For = biplane see
ACY 04,217-E of this bulletin. See also ACM 04,217-D in cases
involving wing flapse.

(13) The met tail load factor, ng, is found by a sumstion of moments
about point (2) of Fig. 22, from which the following egquation is
obbained:

= 1

ng = my - ho + 17 xo0 + ha - h .]

Nots: The above explanatory notes apply only when the set~up shown in
Fig, 22 is used, If a different distribution of external loads
or a different system of measuring distances is employed, the
computations should be correspondingly modified.

CONTROL SURFACE LOADS.

GENERAL.

1., The requirements for the desigr of control surfaces as outlined in

6 CFR 04.22 are based on the two separate functions of control surfaces:
balancing and mareuvering. The reguirements are specified sec as to account
also for the effects of auxiliary control deviees, gust lomds, and control
forces.

2. The average unit loading normal to any surface is determined by the force
coefficient Oy and the dynamiec pressure g, as shown by Eq. 13, ACM 04. 1-C,
When dealing with tail surfaces, it is customary to specify the value of Cy
for the entire surface, inecluding both the fixed and movable surfaces. The
total load so obtained is then distributed so as to simmlate the conditions
which exist in flight. In the case of ailerons, flaps or tabs, the value of
Cy is usually determined only for the perticular surface, without reference
to the surface to which it is atbached.

3+ The average unit loading is ususlly assumed to be constant over the span.
On aceount of the nature of the chord distribution curves specified in 6 CFR
Figs., 04-4, 045 and 04-6, 1t will be simpler %Yo assume that the unit loading
at the hinge line is constant over the span.

B=B2
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4. Although there are no specific chord loading conditions for control
surfaces specified in 6 CFR 04.22, such surfaces should be designed to with-
stand a reasonsble amount of chord load in either direction. A total chord
load equal te 20 per cent of the maximum normal lomd may be used as a separate
design condition., The distribution along the span mey be made proportional
to the chord, if desired. Tests for this condition are not required unless
the structure is such as to indicate the advisability of such tests.

BALANCING (HORIZONTAL SURFACES).

i1, The balancing loads epply only to the horizontal tail surfaces, as the
ailerons and the vertical tmil surfaces ars used oznly to a small extent for
balancing purposes. The use of the vertical tail surfaces for balancing a
multi-engined airplane having one engine desd is provided for in 6 CFR 04.,2220.

2. The chord distribution illustrated in 6 CFR Fig. 04-4 is intended to simu-
late a relatively high angie of attack condition for the stebilizer, in which
very high unit lomdings can be obtained near the leading edge. The opposite
losiding required for the elevator in the balancing condition provides for the
eontrol force which the pilot might need to exert to hold the sirplare in
equilibrium. A minimumm value is specified for this control foree, as it is
possible for such a foree to exist even whern the net balancing tail load is
ZOro.

3« In 6 CFR.O4-4, the load from the slevator iz shown as a concentrated load
acting at the elevator hinge line. The hinge moment is, of course, resisted
by the control system and therefore does not affect the sbtabilizer.

MANSUVERING (EORIZONTAL SURFACES)

1, The requirements for maneuvering loads outlined in 6 (FR 04 are intended
mainly to pleco the determinstion of such loads on & speed - force coefficlient
basis, to specify wvalues which agree substantially with previous practice, and
to provide for the effects of inereasingly greater airplane speeds., It should
be understood that the method is designed for application to conventionsl air-
planes and thet in determining the maneuvering loads the designer should conw -
sider the type of service for which the alrplane is to bs used.

2, The design wvalues of C specified in 6 CFR 04 represent coefticients which
can be atbained by deflecting the contrel surfaces, the highest value represent-
ing the largest deflection of the movable surface expected at the design speed.
Lower wvelues asre used for up loads on the horizontal tail surfaces and for the
vertiecal tail surfaces, as the corresponding control forces are expected to be
less in these cases. The numerical values of the coefficients are coordinated
with the value of the factor in the equation for design speed and do not
represent the maximum coefficients which can be obbtained with conventional
gontrol surfaces. Higher values may be desirsble in certain cases, depending
on the purpose of the airplane,

3., Ths chord distribution shown in 6 CFR Fig. 04-5 represents approximately

the type of loading obtained with the movable surface deflected. For tail
surfaces, this type of loading is eritieal for the moveble surface and for
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Fe

F\:dt + ¥ de Fe = CONTROL SYSTEM FORCE

de Fi=TOTAL TAB LOAD
Fe=TOTAL ELEVATOR LOAD

FIG.23 TAB LOADING CONDITIOK
(Ref. ACM 04.2213)
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the rear portion of the fixed surface.

DAMPING (HORIZONTAL SURFACES)

l. When a conbtrol surfsce is deflected suddenly the full maneuvering load
tends to build up immediately, after which the alrplane begins Lo ascqguire

an angular veloclty. This angular motion causes the direction of the rels-
tive air atream over the fixed surface to change, which causes the air load

~on this surface teo build up in & direction such as to oppose the angular

rotation of the airplane. This load is concentrated near the leading edge
of the fixed surface and is commonly referred to as the damping lomd. It -
is provided for in 6 (FR 04 as & supplementary condition based on the initial
maneuvering condition. The damping losd is elosely related in magnitude to
the initial meneuvering load which produces it, so that it is ponvenient %o
use the latter loading condition to determine the damping load on the fixed
surface., To avold the necessity for a separate analysis for damping loads,
the distribubion is made the same as for tlie balancing loads. In the cuse
of the horizontal surfaces, the damping load thersfore mets as a minimum
limit for the design of the fixed surface and need not be investipated when
the balaneing lomd is critical.

TAB EFFECTS (HORIZONTAL SUHFACES).

le The loading condition specified in 6 CFR 04.2213 is disgrammatically
illustrated in Fig. 23. This condition represents the case of the tab load .
and the control force both acting so as to resist the hinge moment due to the
air losd on the movable surfaee. For convenience, the dlstances gnd moments
can be computed for the neutral position of the movable surfuace and tab,
Actually, the tab load will tend to decrease slightly when the movable surf=-
sco 18 deflected, bubt this effect, being smmll and difficult to determine
rationally, can be neglected.

MANRUVERTING (VERTICAL SURFAGES)

'1l, The comments in ACM 04.2211 in regard to horizontal surfaces also apply,

in goneral, to the vertical surfaces.

2. It is speeified that the value of ¥V sghall not be less than the level
flight speed with one engine dead. This is based on the assumption that the
unbalanced yawing moment present in such a condition will be balanced by the
vertical tail surfaces. In some cases it may be advisable to increase the
value of the normal force coefficilent to mccount for festures such as engines
which are relatively far from the plane of symmetry. In estimeting the speed
with one engine dead the following approximate equation may be used:

s

V, = 0.8 Ty, [9_,_

Whers V? = spoed with one engine dead.

Vy, = normal high speed.

n total number of engines.

82784 O — 8——-5
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DAMPING (VERTICAL SURFACES). —

1. The compents of ACM 04.2212 in regard to horizontal surfaces also apply,
in general,; to the vertiogl surfaces.

GUSTS (VERTICAL SURFACES)
1. The following points should be noted in comnection with this requirement:

f. This gust condition appliss only to that portion of the verticel
surface which has s well definsd leading edgs. The total effective
area for this condition is therefore the sum of the fin and rudder
areas which lis behind guch leading edge. In cases where the fin
fairs gradually into the fuselage the ledding edge is considered ‘to
be well defined for those longitudinal sections through the fin and
rudder which have thickness~chord ratios of 20 or less, For the
purposes of this requirement the ™fin" 1s considéred to include any
rudder balance ares shesd of the sxbtended treiling edge of the fin.

b. The chord distribution specified in 6 CFR Fig. 04-6 1s applicable t¢
those caszesz in which the mean chords of thée efféctive fin and rudder
areas are of approximately the seme magnitudes., When this figure is
used it should be noted that W refers to the average limit pressure
over the total effective area of the vertieal surface. The total
load acting is therefore equal to W times the total effective arenm.
This load is, however, applied to the f£in only, in scoordsnce with
the specified digtribution.

¢+ Whan the mean chords of the effective fin and rudder areas sare of
considerably different megnitude, the chord distribution for a
symmetrical airfoil should be used. This distribubtion can be obtain-
ed from the ourve marked "experimental mean” of Fig. 11, NACA
Technical Report No, 353

WING FLAPS.

1l.- In the design of wing flaps, the oritiocal loading is usually cbtained
when the flap is completely extended. The requirements outlined in 6 CFR 04
apply only when the flaps are not used at speeds above & certain predeter-
mined design speed. As noted in 6 CFR 04,743, a placard is required to
inform the pilot of the speed which should not be exceeded with flaps extend=
ed. Reference should be mmde to current NACA Reports and Notes for acceptable
flap data.

GENERAY..

1. Tn all céises the limit loads for control systems are specified as 125
per cent of the actual loads corresponding to the conirol surféace Iimit

-~ loading, with certain maximm and minimum contiol force limits: The factor

of 1.25 38 ussd to apcount for various features, such ns:

: s Differences betwsen the wotual and the assumed oontrol surfece load
distribution.
b, Desirability of extra strength in the control system.to reduce
deflections,
ce Reduction in strength due %o wear, play in joints, eto.

+2mBE
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2. The maximm control.foree limits are based on the greatest probable

foroes which will be exerted by the pilot. These foreces can be exceeded

under severe conditions, but the probability of this oceurrense is very low.
The ultimate factor of safety of 1.5, which is reguired in any emse, will
pormit the maximum limit loed to be excesded for w relatively thort time with-
cut serious gconsequences,

3. The minimm control foree limits apply only te cases in which the control
surface limit loads are relatively small. The minimum control forces may be

-applied when the ocontrol surfaces are completely utilized and are against the

sbops.

4. The requirement of the multiplying factor of safety of 1.20 for fittings
does not apply in the case of control :systems, as the factor of 1.25 provides
a sufficient margin snd conservative rules sre specified for determining allow-
sble bearing stresses in joints. When the control system is designed by either
the maximm or minimum control forces it 1s also unnécessary to use the extra
Pactor of safety for fittings.

FLAP AND TAB CONTROL SYSTEMS.

l. It should be noted that the flap position whioch is most critieal for the
flap proper may not also be eritiocal for the flap control mechanism ang.
supporting structure. In doubtful cases the flap hinge moment can be plotted
as g funetion of flap unple for various angles of abttack within the design
range. The necessary charscteristic curves should be obtained from reliable
wind tumnel tests.

GENEEAL,

le Tail Wheel Type Gear. The basip landing conditiong outlined in 6 CFR 04,24
for conventional land type gear are %tabuleted in Fig, 24. This chart can he
used a&s a summary of the load factors for the landing conditionz by inserting
the sctusl values used.

2. HNose Wheel Type Gear. The following design conditions have besn found
acceptable in certain cames of mose wheel gesr. It is emphesized, however,
that all unusual features of a partieular design shouid be investigated to
insure that all possible oritieal loadings hsve been conzidered. 8es also
ACM 04.340 for a  diseussion of energy sbsorption tests.

2. Three-Wheel landing with Vertiesl Reactions. The minimum limit load
is gpecified in 6 (FR O4 Fig. 04~10. The wvalue of the sum of the
statis ground resetions shall be the weight of the airplane less land-
ing gear. The total loed shall be divided between the front and rear
godr in inverse propurtion to the distences, measurad perallel ta the
ground line, from the CG of the airplane less landing gear to the
points of contact with the ground. The load on the rear gear ghall
be divided equally betwsen wheela. Loads shall be assumed €6 be
perpendieular to the ground line in the three-wheel landing attitude,
with all shock sbsorbing units and tires defleoted to one~half their
total travel waless it is apparent that a more eritieal arrzngement

" eould exist. The criticsal positions of the (G sha 1 be imvestipgated.
The minimum ultimate factor of safety shell be 1,.5.
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LANDPLANE LANDING CONDITIONS
FOR TAIL WHEEL TYPE GEAR (SEE 6 CFR 04.24)

TVONYN ZOOENROO IV

CONDITION LEVEL SuPOINT SIDE (1) ONE~WHEEL LANDING(I) BRAKED
REFERENCE 6 CFR 04, 241 o242 o243 eadd 0245
' : (2) 2,80 + 9000 __ (3)
1oap (Fﬁi o 21)‘ n " T W+ 4000 geme ag Level o867 o5 Level 1435
5400 + 0.,133(W/9)
ATTITUDE Propeller Axis mPoint Bevoint (%) Propeller Axis 5-Point (&)
Horizonbal Horizontel ' 7
VERTICAL COMPONENT oy (5) vy (5X7) w (8) w (5) i (5)
REARWARD COMPONENT Resultent (&) Zero o55 1 rosulbant'’/ @ | 55 Vortical
Thrw g Thru
c& (Side View)
SIDE COMPONENT Zero Zero W { Trward ) Zoro Zoro
SHOCK STRUT DEFLECTION| 50% Trevel(9) B0% Trevel (9) | Statie Position 5O% Travel 50% Travel
TIRE DEFLECTION 50% 507, 25% 50% 26%
| (1) OCtmponents act on one wheel only (B) W is gross weight less wheels and chassis.
{2) Need not exteed £.33. (6} W is gross weight.
(3) TUse smeller velue.See ulso Note (2) sbove. (7) Distributed to wheels and skid so that moments
(4) Reaétion ab tail equéls zero. about CG equals zero.
. . (8) HNeed not exceed 25% vertieal oomponent.
(9) TUnless apparent more oritical conditions exists.
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Three~Wheel Landing with Inclined Remctions. The minimum limit load
footor is specified in 6 CFR 04 Fig. 04~10, The resultant of the
ground resctions shall be a force lying in the plane of symmetry and
passing through the €G of the airplane less landing gear. The basic
value of the vertical component of the resultant force shall be equal
to the weight of the airplene less landing gesr. The horizental com-
ponent shall be 25 per cent of the vertical, scting aft. The total
force shall be so divided between the front and rear gear that the
resultant mement acting on the airplane will be zmero., The load on the
rear gear shell be divided equally betwesn wheels. The shock sbsorb-
ors and tires shall be deflected to the same degree as in condition a
above, The critical positions of the (G shall be investigated. The
minimum ultimate factor of safety shall be 1.5,

Two-Wheel Landing with Vertieal Reactions ~ fHpsé Up. The minimwn limit
load factor is specified in € CFR 04 Fig. 04-10. The airplane shall be
assumed to be in an sxtreme nose-up attitude. The gross weight of the
airplane less the rear gear shall be assumed to act at the rear wheels
in a direction perpendicular to the ground line. The total load shall
be divided equally between the two rear wheels. The resulbant moment
on the airplane shall be balanced by inertia foroes. The shock absorbers
and tires shall be deflected to the same degree &5 in condition a above.
The minimue ultimete factor of safety shall be 1.5.

Two-Wheel Ianding with Inclined Reactions ~ Nose up. The minimm limit
load factor is speoified in 6 CFR 04 Fig. 04-10. The airplane shall be
assumed Yo be in an extreme nose-up attitude. The resultant foree shall
be determined in the same manner as in condition b sbove except that
the gross weight of the airplane less the rear gear shall be used. The
total load shall be divided equally between the two rear wheels. The
resultant moment on the airplane shall be balanced by inertis forces.
The shock abgorbers and tires shall be deflected to the same degree as
in condition a above. The minimum ultimate factor of safety shall be
105.

Two-Wheel Landing with Inelined Reactions - Nose down, The minimum
1limit lomd faetor is specified in 6 CFR 04 Fig. 04~10, The airplane
shall be assumed to be in a nose-~down attitude with the front wheel
just off the ground. The resultant foroce shall be determined’ in the
seme manner as in condition b sbove except that the weight of the air-
plane less the rear gear shall be used. Ths total load shall be
divided equally between the two rear wheels. The resultant moment on
the airplane shsll be balanced by inertias forees. The shock sbsorb-
ers and tires shall be deflected to the same degree as in condition a
ebove. The critieal positionm of the CG shall be investigated. The
minimum ultimate factor of safety shall be 1l.5.

Two~Wheel Landing with Brakes - Nose down. The minimum limit load
factor shall be 1.35. The airplans shaell be assumed to be in a nose-
down attitude with the front wheel just off the ground. The gross
weight of the airplane less the rear gear shall be dssumed to act at
the rear wheels in s direction perpendicular to the ground line. Im
addition, a horizontal aft component equal to .55 times the vertieal
shall be applied at emch wheel at the points of contaect with the
ground. The total load shall be divided equally between the two

rear wheels., The resultant moment on the sirplane shall be balenced
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by inertis forees. The tires shall be assumed to have deflected not

more then one-~quarter the nominal diameter of their cross-section,

and the deflection of the shoek absorbers shall be the same as in

condition a above, The minimum ultimabte factor of safety shall be 1l.5.
ge Side Drift Landing., The minimum 1imit load factor is specified in

8 CFR 04 Fig. 04-10, The attitude of the airplane, the vertical comp-

onents of the landing gesr resctions, and the deflections ef the

shock gbsorbers and tires shall be the same ms in condition a sbove.

In addition, a horizontal aft eimponent and a side component, each

equal Yo .25 times the vertical gomponent, shall be applied at eash

whoel at the points of contact with the ground. The resultant moment

on the airplane shall be balanced by inertia forces. The minimum

ultimate factor of safety shall be 1.5.

h, 8ide Drift Landing with Brakes. The minimum 1imit load factor shall be
1.0, 7The attitude of the sirplane, the sbatie ground reactions on the
front and rear gear, and the deflections of the shork sbsorbers and
tires shall be the same =g in. conditien o sbove. The tobal load on
the rear gear shall, however; be applied entirely on one wheel., In
addition, a side component equal to 475 times the vertieal component
shall be applied at each wheel at the points of conbsct with the
ground. The side load at the resr wheel shall be assumed to aot in-
ward and the side load a2t the nose wheel shall be assumed to act in
the same direction, A horizonmtal aft component equsal to .55 times the
vertionl component shall be applied at the point of conbtaet with the
ground of each wheel equipped with brakes, (It should be noted that one
rear wheel is not loaded). The resultant moment on the airplane shall
be balaneed by inertis forees, The minimum ultimate factor of safety
gshall be 1.5, '

i. One-Wheel Landing. An investigation of the fuselage structure is
reguired for a one-~wheel landing in which only those loads obtained on
ons side of the fuselage in condition e above are applied. The result-
ing 1imit lomd factor is therefore one~half of the minimum limit load
factor specified in 6 CFR 04 Pig. 04~10, (This condition is identical
with condition e ebove insofar as the landing gear strueture is concern-
ed), The minimum ultimate factor of safety shall be 1.5.

3. 8ki Gear. As noted in 6 CFR 04.2410 the ground loads for ski gear are the
gamp as for wheel pear, However, the sbtrensth of skis and ski pedestals must
be substantiated in accordance with the requirements of B8 (FR 15.12. See

alsc ACM 15.12. Approval of ski installations is covered in ACM 04.0812.

The Canadian ski gear requirements, which are of interest to manufacturers
oontemplating export to Cansds, are listed in the Air Commerce Bulletin

of Jenuery 15, 1938.

4. Special Considerations. When lower limit and ultimste losd factors are
used under the provisions of € CFR 04,240, adequate provision should be made
to likewise hold the tsxiing accelerations to lower values. Consideration
ghould alse be givem to the fact that with such gear there is a tendency to
make landings with & higher rete of descent thar is common with gear develop-
ing higher factors. When lower factors are used in the case of rubber shock
absorbers, special rulings should be obtalned from the Secretary. When lower
factors are used with oleo type gesr the following practice hdas been found
acceoptables

02-‘30
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a. Such lower design load factors should mever be less than one
helf the conventional walves.

b. A margin between the design loed factor and the load factor
developed in the drop test should be shown. This margin
should be at least 20 per cent {of the design load factor)
at the ome helf value noted in a above, and may decreese
linearly to zero as the conventional design load factors are
reached. '

c. The use of such lower ultimate load factors should be justified
by drop tests in which the complete landing gear is used.

The provisions of a and b sbove can be expressed by the formulas given
below. The meximum permissible developed load factor is
n =2non R

' S -n

and the minimum required ultimate load factor for use in the anslyses is
n = dng ny
2n°+n1

but n should not be less than O.Eno; where

n, = ultimate load factor (Value from 6 CFR
Fig. 0410 times 1.5),

n = minimm required wltimste load factor
for use in the amalysis,

ny = maximum permissible loed factor develope
in the drop test. '

«2411 ENERGY ABSORPTICN.
1. The definition of stalling speed V, used in drop height caloulations 1s
given in 6 CFR 04,113, If acourate flight test data for the airplane in
question, or for & very similar sirplane, are availsble, such data may hbe used
a5 o basis for calculsting the power-off stalling speed. However, the deter~.
mination of speeds in the f£light tests used in this connection should not

involve an extensive extrapolation of the airspded ealibration. OSee also
ACM 04,340,

.2420 ENERGY ABSORPTION.
1. See ACK 04,340 for general discussion.
«243 SIDE LOAD.

1. This condifion represents a loading such as would be obtained in & ground
loop.
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244 ONE WHEEL LANDING.

1, This coniition represents the "whipping™ condition cbtained in either of
the two following cases:

a. The airplane strikes the ground with one wheel only. The initial
.loading is sueh as to produce a relatively high angular acceleration,
which is resisted by the angular inertia of the airplane sbout its
longibtudinal exis through the center of gravity.

b. After striking the ground on one wheel, or after a landing with
congsiderable side load, the airplane has acquired an angular velocity
about its longitudinal axis and tends to roll over on one wheel. By
the time the opposite wheel is clear of the ground, any appreciable
side loasd will probably heve disappeared, so that the one-wheel land-
ing condition can be used again without modification. Any tendency
to continue rolling afber the load has been transferred entirely to
cne wheel will not be likely to increase the load on that wheel, as
the kinetie energy of rotation will be converted into potential energy
by the rise of the center of gravity.

2. This condition does not require an additionasl investigation of the landing
gear structure as the loads are the same as in level landing.

246  STDE LOADS ON TATL WEEEL OR SKID.

1. It is required that suitable assumptions shall be made to cover side loads
acting on tail skids or tail wheels which are not free to swivel or whiech can
be locked or steered by the pilot. In such cases it will be satisfactory to
consider a side lomad acting alone and having & limit value egual to one-
fourth the limit load acting on the tail skid (or wheel) in the three point
landing condition (6 CFR 04.242), This side load should act normal to the
plane of symmetry at the center of contact of the skid (or wheel) and the
ground. The attitude of the sirplane and the defleetions of the tire and
shock absorber unit should be assumed the same as in the three point landing
condition, The minimumm ultimste faetor of safety should be 1.5.

24 It is also recommsnded that this side load condition be applied to swivel-
ing tail wheel units with the modification that the wheel is assumed to be
roteted 90 degrees from the plane of symmetry and the side lomd to be applied
through the center of the axle.

«250 GERERAL.

l, The basic water landing conditions are tabuleted in Fig. 25. This chart
can be used as a swmary of the load factors for the landing conditions by
inserting the actual values used.

2. The landing conditions outlined for float seaplenes correspond, in genersal,
to the conditions used for landplanes. These conditions apply to conventional
float installations and in such cases will provide a sufficient range of load~
ings. When unconventional types of float bracing are employed it may be advis-
able to investigate other landing attitudes, depsnding on the type of loading
which appears to be most eritieal for the structure.
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SEAPLANE AND FLYING BOAT LANDING CONDITIONS

See 8 OFR 04,20
COMPONENT rroart) HULL
CONDITION Tolined Vertloal Side Step Twowave Bottom
Reaction Réaction Lending Landing Lending Loading
REFERENCE 6 OFR 04, o251 o252 258 o254 $255
n (Linmit) 1,20(8) 4,55 (2) 4,0 5433 140 oo
VERTICAL REACTION bt} (&) ny (3) oY () bl 8 CFR
 REARMARD REACTION 1/4 Verticel 0 0 0 044256
SIDE REACTION o 0 1/4 Vortisal 0 0
RESULTANT Threugh (G Less Floats Tn plane through M Through
: © and Brasing CG and perpendiculsr ’ Step
to propeller exis
FACTOR OF SAFETY 1.8b (4) 1,60 1,50 1450 1460
1,50 (8)

ATTITUDE

Propellér sxis or refereénse line horizontal

For float roquirements see & CFR 044257 end 6 CFR 1B6.11.
Nood tot-exeved 5400 + +133(W/8).
W 1s gross welght less floats dnd brpcing,
For flout ettachmerits end fuselege eorry=thriu meémbers.
For rémaining structural members. '
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3. The landing conditions for flying boats are used to provide for several,
different types of landings with e minimum smount of stress analysis. In
particular, the condition specified as "I'wo-wave landing® actually provides for
two differsnt: landing conditions, ome in which the bow. strikes the water first,
the other in which the stern receives the initlal impamct. The arbitrary
assumptions as Yo reactions and panel-point loads are specified to simplify

the annlysis and to insure additional- strength for those portions of the hull
where fallure is most likely to oceur.

4. In the case of large flying bonts the subject of unit pressures on the

hull warrants specisl investigation, and it is therefore recommended that a

preliminary schedule of the proposed loading conditions be submitted before

the stress analysis is completed. This will provide an opportunity to make

use. of the latest aveilable date on this subject. -

5, Ho requirements are specified in 6 CFR 04.25 for the landing of flying

boats with side load. Such a condition is not likely to be oritical for the

hull structure as a whole, but in the investigation of bulkhends, ets., it -
is advisable to consider the effects of angular acceleration such as ob-

tained in the "landing with side load"™ cordition for seaplanes (6 CFR 04.253).

6. In certain landing conditions a higher velue of the minimum factor of

safety is regquired for some portions of the structure. This is primarily for

the purpose of cbtaining greater rigidity and to provide for poesible variaw

tions in the lomd distribution. In general, whenever the total fmotor of

safety iz 1.80 or greater, no further ineresse iz required for fittings. (See

6 CFR Table 04-7). It may be advisable, however, to use an increased factor

for fittings which are highly stressed or subjested to reversal of loading, -
in order to provide for the-effects of stress concentration, fatigue, and wear ‘
at joints.

RIGGING LOADS.

l. The requiremsnts are based on the necessity for proportioning wire sizes

so as to prevent an excessive load being produced in any wire while. rigging

any other wire. They provide for an average rigging load of 20 per cent, This
means that when the maximm allowable ratio of rigging lomsds (two to onme) exists
between two wires, one will be assumed to be rigged to 13.3 per cent, the

other to 26.7 per cent. If a larger ratic were permitted, such as three to

one for insbtance, there would be a possibility of obtaining an excessively

high rigeging load in one wire while rigging the other to - relatively low
percentage of its rated load. .

]

2. A specifis example of the application of these p.ineciples to en airplane
wing is found in a biplane cellule in whieh lift wires are used for both front
and rear spars, but which has only onme landing wire (or pair of wires).

such a case the landing wire must act as a counter wire for all of the lﬁft
wires. This means that a relatively high losd must be supplied by the Ianding
wire to gounteract normal rigging loads in the flying wires. To meet the
requirement as to the maximum alloweble ratio of rigging loads it iz therefore
necessary to use o large landing wire, even though its design load from the
flying conditions is comparatively small, In this examplé it will also be
noted that the drég truss wires may be loaded by rigging the flying wires.

a2—54 m\
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Obviously, the drag %russ wires should be strong enough te prevent excessive
rigping loads from being built up. .

PITTINGS.

l. As noted in the reguirement a fitting is so defined as to include the
bearing on the connected parts. This includes the bearing of bolts on spars,

CASTTNGS.

l. The sdditional ultimmte factor of safety for castings is to account for
the reduction in strength due to internal imperfections and also for the
difference betwesn the motual physical properties of the casting and the
properties of cmgt test bars, It should be noted that when this factor is
used, the 50% stress reduction specified in ANC=5 for casting materials mey
be disregarded. Consideration will be given to reduotion in the specified
ultimate Pactor of safety wher sultable mesns of internal inspections are
used and when, in addition, it can be shown that such mesns of Inspection
will result in the acseptance for use of only those castings having a
definite value of minimum strength =t the eritieal sestions,

WIRES AT SMALL ANGIES.

l. The reguirement is based on the faet that a decrease in the asngle, betwsen

& 1ift wire and = spar, will greatly increase the deflection for a given loading.
The formula used is so adjusted as to maintain, approximately, the deflectian
which would be obtained for & 30 degree angle between the wire and the spar.

It will be noted that the velue of K becomss 1.0 when the angle is 30 degrees.
Sinee K approaches infinity as the angle approaches zero, it will be found
impracti¢al to design wire-braced structures for small angles between the -

wires and the members which they support.

CONTROL SURFACE HINGES AND CONTROL SYSTEM JOINTS.

'1ls It will be noted that it is unnecesssry to prove the ultimmte strength of

ball and roller bearings if the limit load does not exceed ths manufacturer's

non-Brinell rating. If, however, the ultimate factor of safety of the bear-

ing is proved, consideration will be given to the use of = yield Factor of
safety of less than 1.0 with respect o the menufacturer's non-Brinell rating
provided that such use is substantiated by tests.
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PROCF CF STRUCTURE.

1. Accepiable methods for compubting the allowable loads and stresses corres-
ponding to the minimum mechaniecal properties of various materials are given
in the Army-Favy-Commerce Publication ANC-5, "Strength of Aircraft Elements",
obteingble from the Superintendert of Documents, Washington, D.C., for 25¢,

COMBINED STRUCIURAYL ANALYSIS AND TESTS.

1. The results of load tests as referred to in the requirement may be
interpreted as the results of tests on similar structures when such tesis
are applicable.

l. Detailed recommendstions as to scceptable methods of conducting structural
tests are contained in Inspection Handbook, Chapter VIII, "Test Procedure®.

2., Since it iz required that the determinetion of test losds, the apparatus
used in tests, and the methods of conducting tests shall be satisfactory to
the Secretary, it is strongly recommended that, in the case of structural
tests on mll major units, the sbove items be fully covered by & report sub~
mitted to and approved by the Bureau before the actual tests sre conducted.

FROCF OF WINGS
DETERMINATION OF SPAR LOADING

1. The Following method of determining the running lead on the spars of &
two-spar, fabric-covered wing hes been developed to simplify the calculations
required and to providé for certain features which cennct be accounted for in
& less general methods It will usually be found that certain items are
congtant over the span, in which case the computations are considerably
gimplified.

2e The net running load on emch spar, in pournds per inch run, car be obtained
from the following equations:

_ Ve -_-_ : [{CIT (r-a) + CMa} q+nye (r-j)}

Vr = .[ipn (a~t) - Qm;} q+ng e (j-fi]

Where yp = net running load on front spar, lbs /inch,

' ¥¢ = net rumning loed on rear spar, lbs /inch,.
&y, b, £y J, and r are shown on Fig. 26 and are
‘all expreassed as fractions of the chord at the
station in question.
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TABIE IV

COMPUTATION OF NET UNIT LOADINGS (CONSTANTS)
(Ref o ACM 04.32-43)

Stations Alogg Span

[T | > L N |

10
11
12

15

Distamce from root, inches
C'/144 = (chord in inches) /144
f, fraction of chord

t " " "
bera-t*@-Q

8, fraction of chord {a.c.)
‘P .
e = unit wing wt., 1bs/Bg.f.*
r-a-@-0

8 = f w@-@

r-3=®-0

§-1-0-G

c/144 » =(®/®)

* These valuer will depend on the amount of disposable

load carried in the wing.

«3=2
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{Note: the walue of "a" must agree with the value on which Cy, is
based.) '

q = dypamioc pressure for the condition being investigated.
Cy and cMe. are the airfoil coefficlents at the section in question.
G! is the wing chord, inm Ainches.

o is the average unit weight of the wing, in pounds per square foot, over
the chord at the station in question. It should be computed or estimated
for each area included between the wing stetions investigated, unless
the unit wing weight ls substantially comsterit, in which case & constant
value may be assumed. By properly ecorrelating the valuea of o and j,
the effeots of looal weights, such as fusl tanks and nacelles, ocan be
direc‘bly acoounted for.

n, is the net limit load fesbtor representing the inertia effect of the
whole airplane acting st the G&, The inertis load always mots in a
direction opposite to the net air load. For positively accelerated
conditions np will smlways be negative, and vice versa., Its value
and sign are obtained in The balancing process outlined in ACH 04.218%

3., The computations required in using the sbove method are outlimed in
Tables IV and V, in & form which is convenient for making oaloulations and
for checking. The following modifioatiors and notes a.-pply to these tables:

8. When the curvature of the wing tip pravants the spars from extending
to the extrems tip of the wing, the effect of the tip loads oh the
spar can easily be mccounted for by extending the spars to the .
extreme spen as hypothetiosl members. In such cases the dimensiom .
(£) will become negative, as the leading edge will lie behind the
hypotheticsl front spar.

b, The looal values of Cy, itemld, are determined from the design valus
of Oy in mocordence with the proper span distribution curve. Fig. 180
is used for this purpose, togethér with the valus of K, cbtained for
this flgure, as outlined in ACM 04.217-D,

ey Item 15 provides for = veristion in the loeal value of Cye For
Condition I, the wvaluve of C, should be determined from the design
value of CP by the following equation, using item nmumbers from

Tabl v
a es_I‘Tanﬂ H cm: x @-CP’)

d. When conditions with deflected flaps are investigated, the velue of
Cy over the flap portion should be properly modified. For most
otHer conditions will have a constant value over the span.

ee It will be noted thet the gross running loads on the wing strueture
oan be obtained by assuming e to be zero, in which case items 19,
25 and 30 becoms zero, yp becomes @é , Yy becomes @ x @, and
Yo becomes @ x{(2

18=3
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TABIE V
COMPUTATION OF NET UNIT LOADINGS (VARIABLES)
(Ref. ACM C4.31-A3)
CONDITION =—w—w
q GNI(otc) C'a (‘:'M or C.P! Ny
[ ===
Distance b from root
(Refor also to TablelV)
14 GNb = GNI(etc) x Rb/Kb
15 G“a (variation with span)
18 @ x @
17 | @9 +
g‘ 18 @ x g
:’; 190 x@ x @
E|= +
21 ] yp p 4 @ s 1‘bs/inoh
22{@d x
23{@ - ®
4 @ x q
g‘ 26| n, x x
ilsl@-@
27| y,. = x (3), 1bs/inch
28 | Cp (variation with span)
29 x q
3 0| a, x
| E 51| @) + (0
2! y, = x @, Ibs/inch

’ 05-4
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£ B DETERMINATION OF RUNNING CHORD LOAD

1. ‘The net ohord loading, in pounds per inch run, can be determined from
the following equation:

Yo = [Co @+ mey o) ct/10e

Where ¥, = running chord load, lbs /ﬁneh
Co = chord coefficient at each station. The propsr
sign should bs retained throughout the computations,
q = dynmamic pressure for the condition being investigated.
By, = net limit chord load factor approximately representing

the inertia effect of the whole sirplans in the chord
direstion., The velue and sign are obtmined in the
balaroing process outlined in ACM 04,218, Note that
when Cp is negative, nxs will be positive,

e and ¢! are the same as in ACM 04.31-AZ2,

2, The compubations for obtaining the chord loed mre ouflined in Table V,
Ttoms 28 to 32. The following points should be noted:

a., The value of Cn, item 28, ocan usually be asswmed to be constant over
the span. The only varlation required is in the ocase of partial-span
wing flaps or similar devices,.

bs The relative looation of the wing spars and drag truss will affect
the drag truss loading produced by the chord and normal air forces,
This can easily be accounted for by correcting the value of Cq as

indicated in ACM 04,129~AZ and Fig. 10.

3. It 1s often necessary to consider the local loads produced by the propeller
thrust and by the drag of items attached to the wing, The general rules
oonsérning these items are outlined in ACM 04.217~0. The drag of nacelles
built into the wing 1s usuwally so small that it cen be safely neglected. .The
drag of independent nacelles and that of wing~tip floats can be computed by
uging & rationnl drag coefficient or drag ares in conjunetion with the design
speed. The beam and torsional loads applied to the wing through the attech-
ment members should also be eonsidered in the analysis. In general, the
offects of nacelles or floats can be separately computed and added to the

loads obtained in the design conditions.

C DETERMINATION OF RUNNING LOAD AND TORSION AT ELASTIC AXIS

1. The following method can be used in cases where it is desired to compute
the rumming load along any glven axis, together with the unit wvalue of the
torsion acting sbout that axis. .

2. As shown in Fig, 27, x denotes the location of the reference axis,
expressed as a fraction of the chord. The net rumning load along the locus

" of the points x and the net rumning torsion about these points are found from
the following equations:

82784 O—38—86
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¥ = (Cga+1mg e)

1% 2
m, = |{ox (x-a) + %S q + ng e (x=3) (ﬂi

Where yy is in pounds per inch rum.
m, is in inch pounds per inch rum.
x is expressed as a fractior of the chord,
C* is the wing chord, in inches.

The remaining symbols are explained in ACM 04.31-A. (As noted
previouslys n, will always be negative in positively accelerated
conditions.)

3. The computations required for this form of analysis can be conveniently
carried out through the use of tebles similar to Tables IV and V. The items
appearing in each table would be ohanged to correspond to the equations given
in 2 above, 'The computation of the running chord load can be made in the
manner outlined in ACM 04.31-B,.

LIPT~-TRUSS ANALYSIS

l. dJury struts., In computing the oompressive strength of 1lift struts which
are braced by a jury strut attached to the wing, it is usually satisfactory
to assume that a pin-ended joint exists at the point of attachment of the
jury strut. The jury strut itself should be investigated for loads imposed
by the deflestion of the msin wing structure., An approximate solutiorn based
on relative defleotions is satisfactory, except when the jwry strut is oon-
sidered as a point of support in the wing spar analysis, in which case an
acourate analysis of the entire structure ia necessary.

2. Redundant Wire Bracing, When two or more wires are attached to & common
point on the wing but are not parallel, the following approximate equations
may be used for determining the load distribution between wires, provided
that the loads so obta.inad are increased 25 per cent,

e
.,r Vz‘zlglz ] B
‘_‘71 KTp® + Volhply®

Where B = beam component of loed te be carried at the joint,
‘P = load in wire 1, .
Py = load in wire 2,
Vi = vertioal 'langth component of wire 1,
Vo = vertical length compoment of wire 2,
43 and Ay represent the sreas of the respective wires, and
L; and ly represent the lengths of the respective wires.

. The chord components of the air loads on the upper wing and the unbalanced
chord components of the lomds in the interplamne struts and 1ift wires at
their point of attachment to the upper wing should then be sssumed to be

+3=T
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carried entirely by the internsl drag truss of the upper wing.

3. Indetermirate Wing Cellules. In biplanes which have two complete 1ift
truss and drag truss systems intercommected by an N strut, a twisting moment
applied to the wing cellule will be resisted in an indetermimmte manner, as
each pair of trusses can supply 8 resisting couple. An exset solution involve
ing the method of least work, or a similer method; can be used to determine
the load distribution. For simpliciby, however, it is usually assumed that
the drag trusses resist only the direct chord loads and that sll the normal
loads end torsional forces are resisted by the 1ift trusses. This assumption
is usuelly conservetive for the 1ift trusses, but does not adequately cover
the possible loading conditions for the drag %russes., In the ususl biplane
arrangement the lower drag truss will tend to be loaded in a rearward direction
by the wing moment, Design Condition VI (6 CPR 04.2138) therefore represents
the most oritiecal condition for the lower dreg truss. This condition should
be inyestigated by assuming that a relatively large portion (approximstely

75 per cent) of the torsionsl forces about the asrodynamic center are resist-
ed by the drag trusses. In the case of a single-lift~truss biplane, the drag
trusses must, of ocourse; resist the entire momert of the air forces with
respect to the axis of the 1lift truss.

«311 BEAMS .
A TWOOD SPARS.

1. The allowable total unit stress in spruce members subjected to combined
bending and compression is covered in ANC 5, Section 2.41.

B METAL SPARS -~ GENERAL.

1. The bending moments and shears should be computed by precise formulas
which allow for the effects of the axisl loads. Formulas for shear can be
developed by differentiating the formulas for bending moments. The velues
of EI used in the compubtations should preferably be determined from a test
on e section of beam subjected to loads in the plane of the beam snd normal
to its mxis. TIn such testz it is recommended thet the beam be simply
supported at the 1lift truss fittings and subjected to equal concentrated
loads, at or near the third points of the span, of such magnitude thet the
maximum sheer and bending moment on the test specimen are in the same ratio
ag are the meximum primary shears and bending moments on the eorresponding
spans of the beam in the airplane, If this is not practicsble, the shear
on the test beam should be relatively larger than in the airplsne. The
deflections in the test should be read to the degree of preoision nevessary
to obtain computed values of EI which are accurate'w1th1n 5 per cent.

2+ TWhen such a test cennot be made, the velue of EI may be computed from

the geometrieel properties of the section end the elastic properties of the

material used, but before being used in the formulas for compubing deflectioms,
+ shears, or secondary bending moments, this value should be multiplied by a

correction factor to allow for shesr deformation, play in joints, and lack of

precision in computing the geometric properties of irregular sections. The

o3md)
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correction factors recommended are 0.95 for beams having continuous webs
that are integral with the chords, extruded I, and similar besmsa; Q.85 for
built-up plate girders having continuous webs connected %o the chord by
riveting; 0,75 for beams with webs having lightening holes of such shape
that the beam cannot be analyzed as a truss.

TRUSS-IYPE METAL SPARS

l. Metal truss spars, in which the axial losd is so small that 1/3 {or equiva-~
lent gymbol &5 used in the formulas for eompubing the stresses in beams sub-
Jjected to combined loadings) is less than unity, may be annlyzed as pin-
jointed struebures if the axes of the members meeting at each joint intersect
at & point. When the sxes of the members meeting at any joint do mot inter-
sect et a single point, the figure formed with the axes of the members as its
sides may be called the “eccentricity pattern" of the joint. In these cases
the sxial loads in the actual truss members may be assumed to be the same as
those in the members of an equivelent truss with the joints located anywhere
on that side of the eccentricity pattern formed by the axis of the chord
member. When there is an eccentricity pattern at the end of any truss member,
the load on that member applied through that joint may be assumed %o be
composed of an axial load P, computed as described above, and a bending moment
equal to Pa, where e is the normal distance from the axis of the member to
the most distant corner of the eccentricity pattern, A more rational analysis
cen be made by dividing the total eccentric moment (about the true inter-
section of the web members) between the members intersecting at the joint in
proportion to their relative resistance to rotation of the Jjoint.

2. In metal truss spars, for which I/j is grester than unity, the bending
moments and shears on the sgpar should be obtained by the use of the precise
formulas. The values of BEI %o be used in these formulas should be obtalned
whenever possible from deflection tests of the type desoribed in 04.311-El,
When tests are not practicsble the deflsctions wsed for determining ET may

be cbtained by the use of any of the standard methods of computing the dew
flections of a truss, the assumed loading being that which would be used in

4 test. In computing these deflections it should be assumed that there is
from 0,005 to 0.010 inch slip in the Jolnt at esch end of each web member

of B riveted or bolted truss. XNo slip need be assumed in welded joints.
Thether the deflectlons are obtained by test or are computed, BI values should
be obteined for at lesst three points in esch span of the truss and the aver-
age used in the precise formulas., TWhen an external load parallel to the axis
of the spar is applied at any ssction at a point other than the ecentroid of
the chords at that section considered ss & umit, it should be treated in the
precise formulas as an equivalent combination of an sxial losd at thet centrozd
and s bending moment,

3. The 1oads in the chord members st any seotion should be compubted from
F=PFPA /l = HVB, where P is the total axial load, A the ares of the chord
under consideration, A the sum of the sress of the chords without allowance
for rivet holes, M the total bending moment from the precise formulas, and h
the distance between the centroids of the chords. Where the axis of the spar
is not straight bebtween support joints, ¥ should be inoreased or decreassd by
Pe, e being the distance on the unleoeded truss from the centroid of the chords,
considered as a unit at the section under investigation, to a line joining the
similar ocentroids at the support sections. When full socele tests are not

«3=9
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priicticable, the loads in the web members should be computed from

F = §/sin 9, where © is the angle between the web membeér and ths axis of

the spar snd 8 is the deriwative of the total bending moment with resgpeot

to x. If the chords are not parallel, 8 should be gorrected by &an amount
equal to the shear carried by the chords which sre out by the same section

as is the web member. Where the chord members change section, the web
menmbers should be designed to carry an additional load ‘the component of
which, partllel to the spar axis, iz equal te the part of the total sxiel
logd P that must be transferred from one shord to ths other. Thus, if the
srea of the upper chord changes from 0.6 of the total chord area to 0.5

of the total chord ares, the added load in the web members will be 0.1P/cos &.
For simplieity, this load may be applied entirely to the web member adjacent
t¢ the shange of section, when such procedure is oconservative for that mémber.

4+ Denign of Chord Members. The coluwmn length should be assumed as the center-
line distance between truss joints for bending in the plane of the truss,

using & restraint coefficlent of not more than 2.0. For berding laterally it
should be assumed as the dlstance between drag struts exeept that:

a. If the ribs have adequate strength to prevent ldateral buekling the
distance may be taken aa not less than one-half the distance between
drag struts. ‘

b, If the wing covering is metal, suitably stiffened, the bend
laterally may be neglected. '

B. Design of Web Members. When there are no scaentricity patterns and the
centroid of the rivet group is on the axis of the member, the oolumm length
may be mssumed to be equal to the center line length of the member. The
restraint coefficient used wlll depend on the type of Joint employed but
.should in no case exceed 2.0. When eccentricity patternsexist or when the
centroid of the rivet group is escentric %o the axis of & nember, suoch member
ghould be considered as an eccentrically loaded columm of length egqual %o

its true centerline length, the sassumed eceentrieity of the aximl load at
each end being taken as the arithmetical sum of the rivet group eccentrisity
#rd the distance from the axis of the member to the most distant corner of the
eccontricity pattern. When a more exmet method of analysis is employed, each
member should be analyzed for'the proper combination of axiel lomd and emnd
momont .

D THIN~WEB METAL SPARS.
1. Thin-web metal spars may be asnalyzed in accordsnce with the theory of flat
plate metal girders, wndér the assumption that diagonal tensionm fields will '
be produced by the shear forcesg. For information on this subjeet see NAGA

Teehnical Note No. 469, The ammlysis should eover the attachment of the web
to the flanges.

E STEESSED-SEIN WINGS.

1. Plywood Covered Wings. Wings that are complstely oovered with plywood
may be designed under the following assumptions:

+3=10
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8+ The covering will earry the shear due to the chord eomponents.of
the externsl loads, .provided that sultable compression membsrs
are insbtalled between the spars, and that cut-outs are properly
reenforced. The axial loads in the spars due to chord loads
should not be neglected in the spar analysis.

b If the loads on the spars are compubed by means of comventional
methods, without®reference to the elastic characteristies of the
entire strueture, it may be assumed that plywood covering, if
rigidly atteched to the spars and ribs throughout their entire
length, will carry 10 per cent of -the moments of the wing due to
the beam components of the dir "losds. "The "spars should be designed
to carry at least S0 per cent of those moments, "When such covering
is removebls or contains large openings or other discontinuities
between the spars on either surfage of the wing, proper reduction in
assumed strength of the covering adjacent 46 such opening should be
made. No reduction should be made in the shear loads to be ocarried
by the sparaz,.

2. MabalwGovered Wingss Because of the lack of wniformity in the types of
metal-soversd wings in general use, it is recormended that extensive statie
teating be employed either in lieu of, or in conjunetion with, stress
analysis methods, In many cases & proof taest to the spéelfied limit load

iz the only method by which the behavior of the metdl covering can be deter-
mined. The following points should be eonslidered in imvestigating the
strength of metal coversd wings:

a., Methods of analysis involving the use of the elastie axls of the
wing are acceptable if the position of the elastic axis is definitely
known, It iz usually advisable to eliminate any uneertainty in this
respect by assuming different positions for the elastio axis, thereby

: covering a range in which 1t is certain to lie.

be Analyses of skin-stressed wings involving the strength of sheet and

stiffener conbinations, or the strength of thin-web girders, should

. be gupplementsd by data on at least one static test of a representa-
tive panel in which the design conditlons are closely simulated.
Such & panel should be relatively large in order to sccount for the
interaction of various parts of the structure.

SECONDARY BEEDING

1. In the design of wing spers and other members subjected to combined axial
and transverse loadinpg the effects of secondsry bending can be acecounted for
by the "precise™ equations based on the equation of the elastic axis, In
order to maintain the required factor of safety, it is necessary %o base such
computations on ultimate loads, rather than on the limit loeds.

LATERAL BUCKLIKG.
l. For conventioma] wings, the strength of the beams against lateral buckling

may be defermined by considering tha sum of the axial leads in bobth spars to be
resisted by the spars scting together. The total allowable columm strength of

=11
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both spars is the sum of the column strengths of each spar acting as a pin-

ended colwum the length of a drag bay. Fabrie wing covering may be assumed

to increase the total allewsble column strength, as above determined, by

50 per gent, When further stiffened by plywood or metal leading edge cover-
ing extending over both surfaces forward of the front spar s ‘total inerease

in elloweble column strength of 200 per cent may be assumed.

RIBS

TEST REQUIREMENTS.

1,  The rib tests regquired shall at least cover the peositive high angle of
attack condition (Condition I) and a medium angle of attack condition, The
total load to be carried by each rib shall equal 125 per cent of the ultimate
load over the ares supported by the rib. For the medium angle of attack
condition, the load faotor shall be taken as the sverage of the ultimate

load factors for conditions I and IIT,

2. The leading edge portion of the rib may be very severly loaded in
conditions I and IV. An investigation of the maximum down lomds on this

portion should be made when V

exceeds 200 mph., {See ACM 04.217-B2), When

this requirement doas not app§y, it shall be demonatratad that the rib
structure shead of the front spar is strong enough to withstand its portion
of the test load acting in the reverse direction. A test for this condition
will be reguired in the case of a rib whioch appears to be weak.

3, XNo less than two ribs should be tested in either loading comdition. For
tepered wings a sufficlent mmber of ribs should be tested to show that all
ribs are satisfactory.

TEST LOADINGE.

1. The following loadings are acceptable for two-spar oconstruetion when the
rib Porhe 4 complete truss between the leading and trailing edges. (Ses
ACM 04,217-Bl1 for other cases.)

Ga

For the high angle of attack condition ribs having a chord lengih
greaber than 60 inches should be subjected to 16 equal loads so
a.rra.nged as to be a.pplied at 1-03 SQO’ 500, 7.3, 9.9’ 12.9;‘ 1602,
19.9’ 2491, 28.9, 54‘.2, 40.4, 47.5, 56‘.5’ 72.0 &nd 90 Der cent of
the chord. The sum of these losds should equal the total load
carried by the rib, computed as specified in ACM 04,.513-Al. For
ribs having a chord of less than 60 inches, 8 egual loads may be
used , their arrangement being such as to produce shears and moments
of the same magnitude as would be produced by the appliecation of 18
equal loads at the locations spscified above.

For the medium angle of atback esondition 16 equal loads should be
used on ribs of chord greater than 60 inches, 8 equal loads for
chords less than 60 inches. In either ocase the tobtal load shall be
eomputed as specified in ACM 04.313-Al. When 16 loads are used, they
shall be applied at 8.34, 15.22, 19.74, 23,36, 26,60, 29,86, 33.28,
3690, 40,72, 44,76, 49,22, 54,08, 59.50, 65480, T8.54 and £5.70
per cent of the chord., When B loads are used thoy shall be s0
arranged as to give comparable resuits.

.3"'12
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2., TWhen the laecing cord for attaching the fabrioc passes entirely around
the rib, all of the load should be applied on the hottom chord.

3. When the covering is to be attached seperately to the two chords of the
rib, the loading specified in paragraph 1 of this section should be modified
go that approximately 75 per cent of the ultimate load is on the top chord
end 50 per cent on the bottom, the total load being 125 per cent of the
ultimate load,

PROOF OF TAIL AND CONTROL SURFACES.

1. In analyzing movable control surfaces supported at several hinge points,
ears should be baken in the use of the "three-moment" equation. In general,
the assumption that the points of support lie in a straight line will give
misleading results., TWhen possible, the effects of the deflection of the
points of support should be approximated in the analysis.

l. The effects of initial rigging loads on the final internal loads are
diffioult to predlet, but in certaln cases may be serious enough to warrant
some investigation, In this connection, metheds based on least work or
deflection theory offer the only exact solution. Approximate methods, how-
ever, are satisfactory if based on rational assumptions. As an example, if
e certain counter wire will not become slmsek before the ultimate load is
reached, the analysis can be conducted by assuming that the wire is replaced
by a force acting in addition to the external air forees. The residual load
from the counter-wire can be assumed to be & certain percentage of the rated
load and will of course be less than the initial rigging load.

VIBRATION TESTS

ls« The required vibration tests may be made by shaking the various units
of the airplane by means of an unbalanced rotating mass driven through s
flexible shaft at speeds which can be controlled and measured, All of the
tests, with the exeception of the fuselage side bending and vertical bending
tests, can be condueted with the airplane tail wheel resting on the ground
provided that the frequensies of the various units may be correctly recog=

nized with the alrplane in this position, That is, the effect of the tail
on the ground must be accounted for in recognizing the proper frequencies
of each unit, This is a matber of experisnce and judgment. In such tests
the landing gear tires should be deflated approximately 25 per cent., If
difficulty is experisnced in recognizing the significant frequencies with
the tail wheel on the ground, it should be raised just free from the

ground by a sling around the fuselage and located as far forward as is
practical. In tests of the fuselagé in vertical and side bending the air=
plane should be so supported that the tail portion may vibrate fresly sbout
the wing attachment,

Ze A vibrator for measuring the resonant frequencies has been developed by
the Army Air Corps at Wright Field and other units have also been developed
by various manufacturers. Information concerning the Ammy type equipment can
be obtained through correspondence with the Materidél Division at Wright Field.
When units of the manufacturers own design are used the test reports should
contain & complete deseription of the unit and sufflcient test datas o
substantiate its accuracy if it is basically differemt from the Army design.
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This partioularly applies to vibrators ineorporating springs in the driving
unit. In such eases the spring stiffness should be low relative to stiffw.
ness of the surface being vibrated, in ordsr to aveid misleading results.

3. In performing the tests the vibrator im plaeed on the struecture as
indicated in the following paragraph, and is rotated at inoreasing speeds
until a speed is reached at whish the smplitude of vibration of the
structural wnit of the airplane inereasas sbruptly., The speed at which
this ocours is the natural frequency of the partieular structural wmit. It
should be checked by ineressing the vibrator speed until the amplitudse
decreages to normal end by then gradually deecrsasing the vidbrater speed
until the oritical peried im again evident. (See also Alr Corps Information
Gireular 701 for further information coneerning the operatiom of vibraters).
The tests should inelude the détermination of the natural frequeney of each
item in the following pairs:

B¢ Rud’der(sg vs fuselage torsion,

b. Rudder(s fuselage side bending.

c. Rudder(s) vs fin bending,

de Rudder(sg vz stabilizer bending.#

e. Rudder(s) vs stabilizer rocking abeut attachment to fuselage.*
£, Elevators in phase vs fuselage vertical bending.
ges Elevators in phase vs stabilizer bending,

he Elswvators out of phase vs fusslage torsion.

i. Allerons wvs wing bending.

Je Allerons vs wing torsion.

ke Wing bending vs wing torsion,

w. Stebilizer bending ¥vs stabilizer torsiom.

* For rudders not in plane of symmetry.

4, The vibrator should be losated in the following positions for the
various tesbs:

#., In tests on movable control surfaces (except tests for elewators
out of phmse} the ‘vibrator should be attached to the trailing edge
of the surfase, as near thg horn as poszible. Clamps and woed strips
may be used for this purpose. In ‘bests Por the natural trequency of
‘the elevators out of phmse the vibrator should be placed on the treil-
ing edge of one elsvator at approximately the elewvator semi-span. (In
all tests on mowveble econtrol surfaces the ocontrel system should be
reastrained by an mssistant holding the controls in the same mammer
as in actual flight),

be In bending and Tersion teats of the stabilizer, fin and wing, the
vibrator should be placed nesr the tip of the surface. It iz also
generally advisable in such teats %o place the vibrater mear the
leading edge of the surface as this loocation will be less likely
to result in erratic intermction of bending snd torgional modes
which may occur if an aft losation iz used.

6« In tests for fuselage torsion and bending frequensies the vibrator
should preferably be attached to the fuselage strusture nsar the
tail,

e3=14
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5+ It should be noted that it may be pomsasible to excite a certaln mode in
more than one way. For instance, the fugslage torsional frequensy may be
excited in the fin bending test and comversely the fin bending freguency may
be exoited in the fuselage torsion test. Cases of this type will serve as
oross checks on emch other.

6. The phase relationship of vibrating parts may be determined by the methed
shown in Fig. 28 as applied to ‘the pariicular case of the elevators. The
metal plates A end B, atbached to the trailing edges of the elevators and
interconnected with a wire, are necessary only in the case of fabrlec covered
surfaces or surfaces which have a poor electricel intercommection. Then the
parts are vibrating the phase relationship mey be determined by manmually
holding the leads € and D clase to the surfaces so that intermittent conbact
is made during edch cyels. If the light flashes at regular intervals the
surfaces are vibrating in phase, wheress if the 1ight doss not flash the
surfaces are out of phase,

7+ The location of the nodes of the various forms of vibration should be
established by the tests. In many cases the loeatlon of the nodes iz self-
oevident, or can be determined by visual cbservation or by "feel". Determina-
tion of the nodes by the foregoing methods is generally satisfactory for all
modes of vibration execept that of fuselage toérsiomal vibration, If the
torsional axis of vibration of the fuselage can not be definitely established
by the sbove methods, a more detailed procedure, involving measurements of
the amplitudes of vibratitn at various points, should be employed.

8, The dispersion in natural fregusncies of the itemd of any related pair
listed in 3a to 3j above should not be less than that debermined by a linear
variation from 30 per cent at a (g of 0,08 to zero per eent at & Oy of -.04.
The dynamioc balance coeffieient Cp may be obtained in the menner outlined in
ACM 04.424, The frequency dispersion of the pairs listed in 3k and 3m sbove
should not be less than 25 per cent,

PROOF OF CONTROL SYSTEMS.

l. In some oages involving special leverage or geering arrangements, the
oritical loading on the control system may not occur when the surface iz fully
deflected. For example, in the case of wing flape the mest eritieal lomd on
the conbrol system mey be that corresponding to a relatively smell flap dis-
pPlacamsnt even after proper allowance i1z made for the changs in hinge moment.
This condition will ooccur when the mechanical sdvantage of the system becomes
small at small flap defleetions,

2. An investigation of the strength of a combtrol system includes that of the
verious fittings and brackets used for support. In partisular, the rigidity
of the supporting structure is important especially in ailerom, wingflap, and
teb control systems.

FROCF OF LANDING GEAR.
1. The landirng conditions tabulated in Figs. 25 end 26 are chosen sc am to

cover the virious possible types of landings with a minimum amount of investi-
gation, It will usually be found that each different condition is oritical

#3=15
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for certain different members. If the design is such that it 1s cobvious that
a certain condition cannoct be oritiecal for any membeér, such a condition need
not be investigated., It will probably be necessary, howevar; to determine the
loeds amcting on the fuselage in all conditions, for use in the fuselage ana~
lysisa

2, In order to simplify the procedure used in analyzing landing gear and
fleat braeing it is recommsndsd that the following sonventions be used:

g. The basioc reference axes are designated by V (positive upward),
» (positive rearward) and H (positive outward). (For side landing

canditions E will be pesitive oubward only with respest to one side.

b. Tension loads are positive, compression loads negative.

c. Moments are represented by vectors according to the "right hand" rule.

de 'The basic axes also represent positive moment vectors, each axis
being the axis of rotation for the corresponding moment, (Note that -
changing the sign of & mament reverses the direction of the veotor.)

e. In writing the equatioms of eguilibrium, all forces are initially
assumed to be btemaion, i.e., positive. The true matwe of the forass
will be indicated by the sign of the vector obtained in the final
solution.

£, Moments can be combined vecterially in exa.ctly the geme manmmer as
forees and can slso be solved for by the sams methods.

ENERGY ABSORPTION TESTS.

1. M4s stated in 6 CFR 04.440 the shock-sbsorbing system must so limit the
acceleration in specified drop tests {6 (FR 04,2411 and 6 CFR 04.242C) that
‘thé ultimste load used in the design of any member is not exceeded. Inm
general this is interpreted to mean that the acoeleration recorded in drop
tests should not exceed the ultimate load factor for the conditicn being
tesbed. In infrequent cases the ultimate load factor is emceeded im a drop
test but, due to margins of safebty, the ultimate strength of any member is
not exceeded. In such cases the true margins should be listed in the analy-
sis, Although drop tests from the meximwm required height are considered
as strength tests, any yielding of structural components in such tests will

- be subject to review and further consideration.

2. Meny ceses arise whioh involye approval of a higher gross wigh‘b the

‘necessary greater heipght of drop, Or the use of different tires from

thogse used in the original &op test. In same such cases it may be possible
to demonstrate compliamce with the requirements without an additional drop
test. In gemeral, however, time and expense will be seved if such changes
are anticipated and substantiated at the time of the original drop tent.

3. In the dgrop test ift is acceptable to allow for the effect of wing lift

present in the landing marguver only when such effect is substantiated,
l.0.s When o coampletely rationnl analysis of the problem is made.
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ARRANGEMENT FOR
THREE POINT DROP

ARRANGEMENT FOR
LEVEL LANDING DROP
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(Refs ACM 04,34C-B)

FIG.29 SET-UP FOR LANDING GEAR DROP TEST
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B MAIN GEAR TESTS = FIRST METHOD

1. The Pfirst method of festing involves dropping the fuselage or
equivalent structure with the complete landing gear attached. A
bemn with the proper location of landing gear fittingsmay be con-
sidered as equivalent structure. Tests should be mede for either
the three-point or level landing condition, whichever is critical
with respect to energy sbsorption, i.e., whichever {in the case of
conventional gear) involves a smaller componsmt of wheel travel
(relative to the airplsfie) in the direotion of the resultent exter-
nel force. See E below for considerations in the cage of nose wheel
type gear.. However, tests should also be made for the other condi-
tion if it involves higher 'bending loeds in the shook sbsorber than
does the oritical condition.

2. For the three-point landing test the ranjvend of the fuselage is‘

held in plaes on the floor s shown in Fig. 2¢. TFor the level land--
ing teat the rear end of the fuselage is raised until the center of
gravity of the losded airplane iz wertionlly ebove the wheel axles,
or wotil the fuselsge is inclined st 2 nose-down angle of 14 degrees,
whiohever is resched first. The rear end of the fugelage 1s then
held in this position; as shown in Fig. 29. (Care should be taken,
perticularly in the level landing drop test, to restrain the rear
end of the fuselage from rising as a result of the impact. When the
airplane is in position for the drop it is advisabls 4o placs sand bags
under the structure nesr the (6 to minimize the dsmsge in case of
failvre.

3+ The acoelerations shonld be obtuined by use of a recording so-
colerometer, 8 space~time revorder, or other suitsbls mesans attschsd
or comected as close to the CG ms poszible. The HACA has a nmber
of accelermmeters which are approwved for this purpose and will lsnd
them Yo marufacturers on request. In this comeotlion it shouwld be
noted that when abodle ters are used they should have a very shorl
matural pericd, i.e., 1/20 second or less. In general the use of =
recording device in which a mass travels an apprecisble distence will
be gquestioned.

4. The following progedurs should be cbeerved in conducting the tests:

a. For tests in the lpvel landing attitude the weight on the main
wheals should be the full gross weight of the airplans. XNobte
that this does not require that addittonal weight be used to
duplisate the stress amalysis resultent loagd which inoludes the
vortical and aft components. In the three-peint attitude the
welght on the main wheels should be the static resetion for this
attitude with the full gross weight at its most forward CG
looeation,

b. The tire pressure should be the same as that recommended by ths
Tire and Rim Asgvciation for use in service. likewise the

proper fluid, fluid level and air pressure (if any) of the shook
absorber should be used.

«5=19
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¢. 4 hoisting sling with s quick-relesse mechanism is attached
to the fuselage near the senber of gravity. By means of this
hoist the front end of the structure is raised wntil the tires
are clear of ths floor by the desired amount. When using the
tape type space-time recorder it is desirable to mark the
Ratatic® and "slear™ positions on the tape.

d. The floor, or & steel plate placed under the tires, may be
greased if desired to prevent the tires from rolling off ‘the
rims if there is apprecieble side movemernt of the wheels.

e. The guick-release is operated, alléwing the structure to drop
freely.

H. It is adviseble thet ths drop height be inoremsed by increments from
some low value until the height specified in 6 (FR 04.2411 is abteingd
go that unsetisfactory characteristics can be detected before the gear
is overstressed. - Note that the specified height is measured fram the
bottom of the tire to the grouwmd, with the landing gear ex'bended to its
oxtreme unlosded position.

6. The final test should be witngssed by & Bureau representative. The
mamufatturer's report should include, in addition to other date (ses
ACM 04,032-4), the accelerameter records or exmet copies of them, with
the magnitude of the maximum sceeléretion determined and marked thereon.
4 record of the maximum tire deflsetion should almoc be given.

MATH GEAR TESTS -~ SECOND METHCD

1. 7The second method of teating involves dropping the shock absorption
unit, imeluc ; wheel and tire asserbly, in a specisl test rig. When
using this method it is strongly recomended that the actusl linkage
ratios (wheel travel to shock absorber travel) be duplicated, snd that
bending in the shock sbsorber member (if present in service) be simulated
in the test. When this is impracticeble it will be amcceptable to use the
Min line™ method (wheel, shock-gbsorber and load in line) outlined below
rrovided that the following points are dhserved:

a. Prior to final tests the proposed test procedure should be sub~
mitbted to the Bureaw for ruling as to its acceptebility.

b. Drops should be made from several different heights in order
to establish the trend in accelerations.

e. The M™in line™ method is bot recormended when the waluss of K
(see 28 below) exceeds 1.75.

d. A margin between the developed aceeleration and the ultimate

loand factor, proportional to the degree of bending present in
service and tha pertinent wvelue of K, should be shomn.

o3"‘20
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2. The following procedure should be observed in setting up for
"in 1line™ drop test:

a. Determine the wvalue of K {ratio of the static load on the strut
to the static load on the tire) for the coritical condition being
simulated ir the test (See B above and E below for considerations
involved).

b. Use a test welght equal %o K times the static load on the tire.
Of this test weight, the "unsprung" or "semi-sprung™ portion of
the jig weight, i.e., that portion of the jig welght which moves
with the wheel, should be held %o the minimum practiceble.

¢. Replace the original tire with a tire having s loed deflectlion
curve each ordimate (losd) of which is K times the original
value and each abseissa (deflection) of which is approximately
1/K times the original wvalue, the original walues being those
for the tire sctually used. In mddition, the maximum deflection
of the test tire should be limited to 1/K times the maximum de-
fleotion of the originsl tire. It may be possible to cbtain the
above characteristiecs by changing the inflaticn pressure of the
original tire and by using stops.

d. The height of free drop should be 1/K times the height specified.

e, The foregoing adjustments are necessary in order to reduce to s
minimum thé errors in impact evergy, piston velocity, and shock
strut loed. Note that such errors inerease with an increase in
the value of X,

D TESTS OF TAIL WHEELS AND TAIL SKIDS.

1, Tests for the enmsrgy absorption capacity of the tail wheel assembly
mey be made in 2 manner similar to that used for testing & coamplete main
gear assembly {See ACM 04.340~B), except that the tests need be made only
for the three-point condition. The test losd may be obtained by loading
the . fuselage or by comcentrating the required mass over the tail wheel.

2+ In conducting these tests the front wheels rest tn the floor while

the tail is raised the required distance (See CAR 04.2411) and dropped.

The accelerameter or space-time recorder tape is attached to the structure
at & point over the wheel. Drop telts of camplete assemblies, or ™in-line™
drops made in test rigs (See ACM 04.34-C), are equally acceptable.

3. Tests for the energy absorption capacity of tail skids should be oon-
ducted in a mammer similar to that outlined sbove for taill wheels .

82784 O—38—-7
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W36

TESTS OF NOSE-WHEEL IYYFE GEAR

1. In general, the tests of mein wheel and nose wheel installstions
mey be made in accordance with the methods oubtlined in A to C above.
The tests of ech installation should be made for the most oritical
{most unfevorable with respect to shock absorption) of the conditions
cutlined in ACM 04.240-2a through 2e. Each of these conditions is as-
sumed to be produced by the free drop from the height specified in

B CFR 04.2411. In determining the critical conditions, consideration
should be given to the walue of the component of wheel travel (relative
t0 the airplane) in the direction of the resultant external force and
also to the magnitude of this forece. In genersl, the higher the foree
and the smaller the travel, the more critical the condition. In cases
where question arises as to the applicability of the design conditions
used it is advisable to conduct mctual landing and taxiing tests with
one or more accelerometers installed in the airplans.

2, TIn all cases the proposed test proesdure, together with details of
the installation, should be submitted to the Bureau for comment prior
to the bests.

TESTS AT FROVISIONAL WEIGHT

1. TWhen advantage is taken of the provisions of 6 CFR 04.711 in design-
ing the landing gear only for the standard weight, it is necessary %o
show that the airplane is capable of safely withstanding the ground

shock lcads incident to taxiing and taking-off at the provisional weight.
This can be demonstrated by showing that the accelerations developed in
taxiing and taking-off over rough ground (off runway)are such thet the
limit load for ary landing gear member is not execeded. The acoelerations
developed in these tests should be obtained by means of a reccording ac-
celercmeter.

PROCF OF FUSELAGES AND ENGINE MOUNTS
GENERAL

l. In additon to determining the loads in the main structural wmembers
of a fuselage, the local loads imposed by the inbernal weights which
they support should not be overlooked. This applies particularly to
members which serve both as & eritical portion of the primary’ structure
and as g means of support for some item of appreciable weight. The com~
bined stresses should be determined in such cases, except that conbrol
system loads need not be combined with the primary loads from the f£light
or landing conditions.

STRESS ANALYSIS FROCEDURB
1. Weolght Distribution. All major items of weight affecting the fuselage
should be so distributed to convenient panel points that the true center

of gravity of the fuselage and its conbents is mailntained. A suiteble ver-
tieal division of loeds should be included. The following rules should
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be followed in compubing the panel point loads for conventional ajr-
planes:

2. The waight of an item located between two adjacent panel
points of the side trusses should be divided Petween those
panel points in inverse proportion to the distence fram
them to the center of gravity of the item.

‘b. The weight of an item to the rear of the tail post or for~
ward of the front structurse should be represented in the
table by a load and a horizontal couple at the tail post or
front freme,., as the case may be.

c. The weight of an item supported at three or more panel points
should be divided between those points by the aid of an in-
wostigation and analysis of the method of support, if prac-
ticable. When a rational amelysis is not possible, the divi-
sion may be estimated.

de In all cases the mament of the partial panel loads dus toc any
item sbout an origin near the nose of the fuselage should be
equal to the mament of the item about that origin.

e. All lomds may be assumed to lie in the plans of symmetry and
to be divided equally between the two vertical trusses of the
fuselage.

2. Balaneing {Symmetrical Gonditions). Methods of balancing the air-
plane are disoussed in ACM 04.218., It will, in general, be satisfac~
tory to apply directly the balancing loads found in the various flight
conditions. The scceleration factor appiied to each item of mass in
the fusslage will be the net acceleration factor as determined from the
balancing camputations. The basic inertia foree on any item will be
parallel to the resultant external applied force and will not, in gen-
eral, be perpendicular to the thrust line. In certain cases the chord
comporents of the inertia forces {(i.e., the components alomg the thrust
line or fuselage ocenterline) can conveniently be combined into a single
force applied at the nose of the fuselage. This procedure permits the
use of vertical inertia loads but 1t should not be used tnless it is
cbviously conservative Ffor the oritical fuselage members.

3. Balancing (Unsymmetrical Conditions), In any condition imvolving
angular acceleration sbout a given axis, the imertis force applied to
the structure by any item of weight is proportionsl to the mass or weight
of the item and to its distance from the axis of rotation, Easch angular
inertia force will act in a direction perpendicular to the radius line
botween the item and the axis of rotation. 1In order %o facilitate the
enalysis of a condition involving both linear and angular scceleration,
the lomds produced by the linear accelaratlon should be determined sep-
arately from those produced by angular accelearation., When unbalanced
external losds are applied this involves the determination of the mapgni-
tude of the met resultant external load and its moment arm about the
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proper axis through the CG of the airplane. It will usually be ac~
ceptable, in anaiyses of this nature, to represent the weights of
major items such as wing panels, nacelles, etc., by assumed con-
centrated masses at the centers of gravity of the respective items.
Fig. 30 illustrates approximate methods by which the fuselage can be
balanced for a typical unsymmetrical landing condition (one-wheel
landing).

a, PFig. 30a shows a level landing condition in which the re-
sultant losd does not pass through the center of gravity.
In such & case it will generslly be scceptable to 2pply a
balancing couple composed of & dowrward force scting nesr
the nose of the fuselage and an equal upward force acting
at the same distance %0 the rear of the center of gravity..
These arbitrary forces can be considered as approximately
representing angular inertis forces and they may be divided
betwsen the nearest panel points, if desired. '

b. Fig. 30b indioztes arn acceptsble method of balancing ex-
ternally applied rolling mements about thelongitudinal axis.
The forces resisting sngular ascceleraticn are assumed to be
applied by the wing. The arbitrary location shown is based
on the fact that the effectiveness of any item is proportional
to its distance from the center of gravity. The balancing
loads mey be assumed to be vertieal, although they sctually
act normal to a radius line through the center of gravity of
the airplane. If nacelles or similar items of large weight
are attached to the wing, the balancing couples can be divid-
ed betwoen naecelles and wing panels in proportion to their
effectiveness. This type of balancing applies alsc to side
landing conditions, including those for seaplanes.

¢. Fig. 30c shows an approximete method for balancing a moment
sbout a vertical axis. This condition exists in a one-wheel
landing. It is conservative (for the wing attachment members)
to assume that the balaneing couple is supplied entirely by
the wing. The magnitude of the unbalanced mament about a
vortical axls 1s, however, relatively small in the design con-
ditions required in 6 CFR 04. In order to secure ample rigid-
ity against loads tending to twist the wing in its own plane,
it may scometimes appear advissble to check the wing attachment
meubers or cabane for & greater unmbalanced drag load ecting at
one wheel, or for a side load acting at the tail.

d. It should be noted that the balancing eccuples shown on Fig.30
will act in addition to the inertia loads due to linear accel-
eration. ¥For Instance, in Fig. 30b the loed V shown as & re-
action at the CG acbuslly represents the inmertia loads of all
the components of the asirplane. Those due to the wing weight
will act uniformly on each wing panel and will be added arith-
metically to the forces representing the angulaer inertis effects.
This applies also to the other cases illustrated.
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C SPECIAL ANATYSIS METH(DS

1, Torsion in truss-type fuselages. In analyzing conventionml
truss~type fuselages for vertical tail surface loads it will be
found convenient to meke simplifying assumptions as to internsl
load distribution. The following methods may be used for this
purpose, the first method being more conservative than the seconds

8.

d.

The entire side load and torgue mey be assumed to be re-
sisted only by the top and bottom truases of the fuselage.
The distribution to the trusses can be cbtained by taking
maments sbout one of the truss centerlines at the tail post.

For the strueture aft of the rearmost bulkhead the teil load
may be represented by a side load acting at the cenber of the
tail post and a pouple equal to this load times its wertieal
distance from the ecenter of pressure of the vertical tail.
The side load may be assumed to be divided equally between
top snd bottom trusses, For the atruecture forward of the
resrmost bulkhead the tail load may be represented by a side
load acting a% the center of the %ail post and a torqus met-
ing at the remrmost bulkhead equal to the teil lead times

the vertical distance from the center of pressure of the ver-
ticul tail Yo the center of this buikhead. This side load
mey be assumed to be divided equelly betwsen top and bottem
trusses. The assumption may be made that the torque (not the
forces composing the equivalent coupls) is divided equally
between the horizental and wvertiecal trussez. The couples
acting on the bulkhead and resisted by the top, bottom, and
side trusses can then be readily obtained. §tress disgrams
should be drawn for the trusses to ¢btain the loads in the
members. The longeron loads should be teken from the diagrams
for the horizontal trusses or vertical trusses, or taken as
the combined loads from both trusses, whichever are largest.
(This arbitrary practiocs is advisable on account of the un-
certainty of the losd d¥stribution between trusses,

The diazonels of the. rearmost bulkheads, i.6., the bulkhesds
through: walch the: torque is transmitted to the wing, and of
all bulkheads: adjacent to an unbraced bay, should be designed
to trensmit the total torque. Ihtermediate bulkheads should
be designed to. transmit 25 percent of the btotal torque,

In. some cases the loads obtained in the bottam truss members
may be guite small. In such cases it should be noted that it
is desirable to maintain a high degree of torsional rigidity
in the fuselage and that the rigidity of the top truss will
be completely utlilized in this respeet only when the bottam
truss is equally rigid.
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2. Engine Torque. In investigating the conditions involving sngine

torque ,

-

(=)

the following points apply:
The basiec torgue may be computed by the following formulas

T = 6300 P/N, where

T = torque ir inch pounds,

P = horsepower of engine,

X = propeller speed in revolutions per minute,

The resulting mament is taken eare of by an unsymmetrical
distribution of lomd betweer the wings and by forees in the
fuselage eross braeing., In certain cases, especially when
geared engines are used, the stresses due tec the torque
should be computed for all fuselage members affected, the
necessary resctions being asgfumed at the comnections of the
wings with the fuselsge. Otherwise the following approx-
imation may be used for nose engines. The torgue load is
assumed to act down on the engine bearer and to be held in
equilibrium by wertical forces acting at the main connec-
tions of the wings with the fuselage, the engine bearer and
the members of the fuselsge side truss being assumed to lie
in o gingle plane parallel to the plane of symmstry.

When s direct-drive engine is carried by engine bearers that
are supported at two or more peoints, the torque load should
be divided between the points of support in the =zame propor-
tions as the welights carried by the engine bearer. When an
engine is supported by a wertical plate or ring, the torque
can correctly be assumed to act at the points of attachment.
(The dead weight of the engine, however, should be assumed
to act at the center of gravity of the engine)

In combining the torque condition with any other losding con-
dition, for a symmetrical strueturs, the shtresses due to
torque are to be added arithmetically, not algebraieally, %o
those obtained for the symetrical loading condition, because
if the forees induced by the torque load in any member are
opposite in charameter to those due to the dead weights there
will nmormally be a corresponding member on the opposite side
of the fuselsge in which the forces due to the torque lomds
and weights will be of the same charaoter.

In apalyzing an engine mount structure. care should be teken
to distribute the torque only to those members which are able
to supply a resisting couple. For example, in certein struc-
tures having three points of support for the engine ring, it
may be necessary to divide the entire engine torgue inte a
single couple, applied at only two of the supporting points.
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ATALYSIS OF STRESSED-SKIN FUSELAGES

1. The strength of skinmstressed fuselages is affected by a large
nuwber of factors, most of which are diffietlt to account for ina
stress analysig. 'The following sre of special importence:

a, Effects of doors, windows, and similar ocut-outs.
b. Behavicr of metal ¢overing in compression as a shear
"~ web, including the effects of wrinkling.

¢, Strepgth of ourved sheet and stiffener combinations,
including fixity conditions and curvature in two di-
mensions.

d. True locatlion of neutral axis and stress distribution.

- #. Applied and allomable loads for rings snd bulkheads.

2. TUnless a fuselage of this nature conforms closely to a previously
congtructed type, the strength of which has been determined by test,

a stress analysis is not considered as a sufficiently accurate means

of determining its strength. In all emses, the stress analysis should
be supplemented by pertinent test data. Whenever possible it is de-
sirable to test the entire fuselage for pendirp and torsion, bub tests
of certain compbnent parts may be acwespteble in conjunetion with a
stress analysis. As this subject is now being investigated by the KACA,
the latest information should be cbtained from that organization before
the stresg analysis or test methods are decided upon..

PROOF OF FITTINGS AND PARTS

1, In the amlysiz of & fitting it iz desireble to tebulate all the
forces whiock act on it in the various design conditions., This progedure
will reduce the chances of overlooking some cumbinstion of lomds which
are ocritioal.

2. The additioral ultimate factor of safety of 1.20 for fittings (6
CFR. Teble 04-7) is to mccount for waricus factors such as strees conw
contration, eccentricity, uneven load distribution, and similar features
which tend to inorease the probsbility of failure of & fitting. As
noted in the Table, this factor may be covered by ssveral other factors
so that when the ultimnte factor of safebty for any portion of the struc-~
ture eguals or exceeds 1.80 the fittings included in this portion are
not subjeet to an Iinorease in factor above the vanlue used for the primasry
nenbers.

03-28
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DETAIL DESIGN AND CONSTRUCTION
MATERTATS AND WOREMANSHIP

1. MNaterials and processes conforming to the specifications of the
Army, Navy, 8.A.FE. or other respomsible agencies are satisfactory.
It is important that minimum specification values of strength prop-
erties given in ANG-5 be used rather than ™typical™ or "average®
values.

2. Toleraness should be closely held in order that the assumed or
tested structure is aceuwrately reproduced. Metal sheet and tubing
gages usually conform to well established specifications., Tolerances
on machihed parts are based on general practice and will vary fram
about + .015 ineh to wvalues necessary tossoure interchangesbility of
meting parts, Tolerances on shesred and ribbled parts are usually

+ 1/32 inch. Minus tolerances on section dimensions of wood struc-
tural members such as spars should not exceed -1/64 inch in the fully
seasoned condition unless Jjustified by check of mergins. FPlus toler-
ances are limited by assembly considerations.

3. Long assemblies suech as spars with a large number of rivets will
Pgrow' slightly as the riveting progresses. End fittings should
therefore be jig installed as & 1aft operation, A sinilar procedure
is followed with welded asssemblies. FHeat treating of long welded
structures resulis in ghrinkage and in extreme cases allowsnces for
this must be mads.

GLUING

1. High grade caseln, animal, and synthetic reszin glues are satis-
faotory. Details of composition gsnd methods are givem in Appendix IV
herein. It should be noted that condition of the surface, moisture
content of the wood, gluing pressure, and protective coatings as well
as other factors play en important part in the making of accepimble
joints. '

TORCH WELD ING

1. Acceptsble practices and further references are discussed in Ap-
pendix IV herein. '

EIECTRIC WELDING

1, When arc welding is used the information needed for approval may
be met by specifiomtions or reports covering the following:

&« The type of equimment to be used and the proposed sccpe of
application of the process. '

od=1
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b. The proposed minimm requirements established for welders,
covering qualifying tests, experience, etec. Reference to
Air Corps Specification 20013-A ™Welding Procedure for
Gertification of Welders™ if this specification is used, is
sufficient in this counection.

¢s General procedure covering polarity, are length, allowable
voltage wvariation, electrode typs and mabterial , and ident-
ification of each welder’s work,

d. Detail procedure for each combination of metels covering
size and meterial of electrode, amperags and voltage for
various gages of material.

e. The method of comtrol including test and inspection procedure,
ete., In this connection, sketches of the proposed standard
test samples, & sample test report sheet, and a statement
concerning the frequency of sample tests, should be submitted.
Use of the Specification noted in b sbowe is considered suf-
ficient in this commection.

f. Drawings of parts to be welded.

2. When spot and/br seem welding are employed the informetion required
for approval is similar to that required for the approval of arc welding,
except that greater importence is atiached to the equipment control means
and the detail design of the pertinent joint than to the reguirements for
welders.

3. When the experience. of a menufacturer and the relisbility of the prod~
uct has been demonstrated by him to be satisgfawctory, a blanket approval
may be granted for his use of the process, i.e6., he need not cbtain ap-
provel of each subsequent specific application.

PROTECTION

1. Paints, varnish, plating end other coatings should be dadequate for
the most severe service expected. Information on the subjeet of protec-
tion is avallable from paint and varnish manufacturers as well as fram
metal and alloy producers. Reference may alsc be made to Appendix IV
herein. Expensive changes dictated by service experience willbe avoided
if the guestion of probection is considered in the initial design stages.
In addition to surface protection it is essential that moisture-trapping
pockets and elosed non-ventilated compartments be avoided. This is par-
tieularly true with light alloy and plywood structures. Drain holes
should be provided at low points.

2. Two methods of specifying protective coatings are in genersl use. In

ons the various operations or oode symbols therefor are listed on the
pertinent detail or assenbly while in the other method a specification

od~2
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listing the operattion and the mummbers or classes of the parts to be
so treated is prepered. The latter is more flexible when various
agencies are being dealt with. Dets submitted tc the Bureau need
cover only the minimum protection to be employed.

INSFECTION

1. Points most frequently in need of inspection are main fittings,
control linkeges, cebles at sharp bends, and drag wires. Satisfactory
inspection of these and other points can only be carried out if the
size and location of openings are such as to give adegquate accessibilw
ity, not only for imspsction, but also for serviecing end replacement.
The inspection of drag wires is expedited if, in lieu of other means,
grammets of about 3/8 inch inside diameter have been installed in the
fabric, through which grommets a hock may be inserted to check wire
tension or possible breskage.

JOINTS, FITTINGS AND CORMECIING PARTS

1. These parts conbtinue to be the most critical structural elements.
No specific rules can be laid down but some of the more important con-
siderations follow. The type of fitting is mminly dependent on the
magnitude of the loads invelved and the nature of the parts being con~
nected. The material should be chosen after comsideration of such
factors as corrosion, fatigue, bulk, weight and production ease. It
should be pessible o inspect, service end replace each vital fitting.
Points sometimes over-looked in the detail design of fitbings inelude:

., BStress concentration, either from section changes or from
welding or heat tresting effects.

b. Adequate allowance for flexibility of parts being joined.

¢. Specifying proper swrface condition, i.e. a rough turning
job on a highly stressed part invites oracking and faillure.

2+ In the design of fittings at the ond of wood spars there is a

tendency to crowd bolts too close te the spar end in order %o seoure a
more compact fitting. This sometimes results in a shear failure of the
wood along the grain, even though the design load in the tension direc-
tion is samll. To reduce the possibility of such failures bolt spacings
and end margine should be In accordance with Fig. 2-4 of ANC-5,

3. In using extruded sections it should be borne in mind that the mmture
of the extruding operation produces in effect & longitudinel grain strue-

ture. Fittings therefore should be designed to avoid eritical Meross—grain®

loading.

4. Fitting drewings should include tolersnces for -dimensions of critieal
sections, such as lugs, in order to maintsin the reguirsd strength proper-
ties.

5. 'Some examples and discussion of gocd and bad Fittimg practice are given
in Appendix IV herein.

o4-3
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]
g T Fig. 31 BUGGESTED CASTING FRACTICE
-7 Re?, ACM 04,4023
ALICY MINTMUM MINTMOM MAXIMOM )iz
PILIET sECTTON'S) RATIO OF ramres (4 (2)
woms (5) (Heba,eb04) ADJACENT
SECTIONS
ALTMINUM - Used where stréngth is not primary congideras
Kooa 12, 43, 1/e" 1/8" tlon, Aloos 12 (SAE Noo55) should not be used
eto., end where subjeet to shaok or Jupsst, due S0 Ats
squivalent low olétmpation (2%). Alooa 45 (SAR No.55) and
566 allays which have high silison combent are
uged whers leskeproof or complicated castings
are reqiired.

ALTMINGH = " Host alumlaum elloy struetural castings are made
(B ghwStrangth) 816 5/%2" u s/J.s" Bsl ofthe 198 or equivelent materiel, The 220 alley
Alooa 195,220 (1/8" ir ghructurally] 1g mperier for shook and impact loading dut

oto., end unimpertant ) ouztings should be simple due to the difficulty
aquivalent in securing setisfactory compleéx oastings.
o A Red brass such as SAE No, 40 or Pederel Speoifi]
ERASS, /8 1/8 cation QQ-B=-691, grade 2,is used in fuel avd oil
BRONZE 1ine Fittings. Phosphor Brongze (SAE Ho.84 .and
Hoo66 or Federsl Bpecification GQ-B~891 pgrade 6)
1z used for sptlefriction installations such as
bushings, nuts, geers ani worm wheels. Mangacese
and elumimm bronzes {SAE No.45 end Ne.68 or
. |[Fedoral Specificetions QGeBx«T26 and QQmBeEIL) are’
used where meximum strepgth ard hardress are
desired.

MAGNESEUM 1/8" 5/32" ¥ot recommsmded for use at elevated bemperaturssd
(50% greater then (1imit epproximately 400°F) o in exposed loca~
alumdinum preferred) tions on seaplanes. Parficular sare should be

cbeerved in protecting ageinst corrosicn end
electrolytio moticn.

STHEL 5 1/4' 512 TUsed primarily for heavily loeded perts guch g’
{1/2" preférred) in lending gear of iarge alreraft. Alleys uzed

inelude chromosmelybdenun, nickel and menganess .
When using high wltimate tenslle=strengths the
effaot of the corresponding low eloengetion
sheuld be considered.

1) Fer allowoble sirosacs seo ANOeE "Strenghh of Mreraft Elements",

2) For additiomal fadtor of safety see 6 CFR 04, Table O4=T. When

using this faoctor the 5O stress reduotion noted in ANCLS m.a.y be dlaregerded.
§) Larger values should be used whers possible.
4) Highly dependent on other factors.

FIG. 3l SUGGESTED CASTING PRACTICE

I
S ..s,j
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4020  BOLTS, PINS AND SCREWS

1. Approved locking devices include cotter pins, safety wire, peening,
and, with ceértain restrictions, Elastic Stop nubts and Dardelet Threaded
parts.

.2+ BRestrictions on the use of Elastic Stop nuts are as follows:

a., They should be made to conform to Army or Navy meterial
speoifications,

b. They should not be used et joints which subject the bolt
or hut to rotation. .

g« They should not be used with bolts drilled for cobter pins.

d+« They should not be used where subject to temperstures in
excess of 250°F.

e. They should not be used where submerged in or subjset to =
continuous spray of liquids.

f. Bolts must be of such lemgth that completely formed thread
extends ‘through the nut.

g« They should be called out on the pertinent drawings submitted
to the Bureau.

3. Restrictions on the use of Dardelet hreaded parts follow:

a, The parts must be manufactured by a licensee of Dardelet
Threadlock Corporation under the terms of its license
agreement, (Note this covers manufacturing comsiderations
peculiar to this design.)

b. They should be mrde to conform to Army or Navy materisl
specifications.

¢. They should not be used at joints which subject the bolt
or nut to rotation. .

d. Bolts must be of such length that completely formed thread
exbtends through the nut.

e. They should be called out on the pertinent drawings sub-
nitted to the Bureau.

4023 CASTINGS

1. Castings should be obtained from a relisble source with experience

on similar type castings. Such castings should incorporate generous
fillet radii, ample draft, and graduel changes of section. Sound castings
can only be secured by propsr consideration of and allowance for the flow
of molten metal in the mold. Casting drewings should be "load marked®,
i.04, the girection and approximste magnitude of the design loads should
be shown. It is then possible for the foundry to cast the demsest and
.soundest metal at the critical sections. PFinished surfaces should end

in radii at inside cormers to prevent stress concentration. Same of the
more important design and drafting considerations are given in Fig.31.

It should be emphasized that these are not given as requirements but
merely as walues and points found acceptable in general practice, Refer-
ence should be made to trade literature of the various metal and alloy
producers for additional informetion.

o4-5
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2. As with other aircraft parts, the acceptance of castings for
primery structure is predicated upon thorough and adequate inspection.
It is customary to test and section or to X-ray the first castings of
g new part in order Yo be certair of good design and satistactory
foundry technique. Production runs may be inspacted visually in cone
junetion with occasional tests for verification. Hardness testing of
the castihg and physicaltests of test coupons cast with the part are
also used. Steel castings with smooth surfaces may be inspected by
magnafluxing., X-raying provides an excellent means of thoroughly in-
specting tastings if the results are properly interpreted, i.e., by
an expert. '

TIE RODS AND WIRES

1. Vhen unswaged threaded=-end tie rods are used, particular attention
must be paid 4o the end comnections %o insure proper aligmment. The
wires should be so carried through sleeves or fittings that any bending
is limited to the unthreaded portion of the rod, Where this is not
dore, even small bending stresses may soon cause fatigue failure at the

" thread roots. High margins should be incorporated since practically all

workirg from tension lcads,with attendant stress concemtration, will occur
in the threaded portion. Swaged tie rods are considered much more satise~
factory and mey be no more costly in quantities., A satisfactory locking
means should be used. Check nuts have been found scceptable for this pur-
pPose. ’

GENERAL FLUTTER PREVENTION MEASURES

1, The generhl principles of Plutter prevention should be dbserved on

all airplanes. This applies particularly to the design and installation
of control surfaces and control systems and includes such desirable
festures as structural stiffness, reduction of play in hinges and.

control system joints, rigid intercomnections between ailerons and between
elevators, a relatively high degree of mmss balance of control surfaces,
a relatively low amount of aerodynamic balance, high frictional damping,
and adequate wing fillets and fairing. Features tending to create aesro-
dynemic disturbances, such as sharp leading edges on mowveble surfaces,
should be carefully avoided. These principles apply slsc to wing flaps
and particularly to control surface tabs, which are relastively powsrful
and correspondingly more dangerous if not properly designed. It should

be realized that variocus forms of flutter are possible and that there
usually exists for each type of flutter & critical speed at which it will
begin. This eritical speed willle raised by any improvement in the anti-
flutter characteristics of the particular portion of the airplane involved
and mey even be eliminated entirely in sume cases. Not all of the previ-
ously named aids %o flutber prevention are necessary in cambination, as
the desired result can often be achieved by utilizing only certain features
to a sufficient degree. See alsoc ACM 04,424,

)
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DETAIL DESIGN OF WING3

l. It is essential that the wing structure have adequate stiffness
in order to insure freedom from flubtter and other undesirable char-
acterisbies. This is particularly important with reference to wing
torsionsl stiffness. Fabric covered wings, in particular, may be
eritieal in this respect. Then question as to adequate torsicnal
stiffness arises it is customary to check the deflection character-
istics by the application of a torque couple nsar the wing tip and
by measuring the resulting angular deflections along the span. It

is then possiblé to determine the coefficient of torsiomal rigidity
Cop of the wing. & typical test procedure is given in the Imspection

Handbook Chapter VIII, paragraphs 223 to 232.

2. Fig. 32 indicates values of Cqp which have been found satisfactory
for conventional fabrie covered designs. The curves of this flgure
are based on the results of tests of, and service experience with, a
number of camuercial designs. While no simple satisfactory rational
solution has been devised for the problem of the torsional rigidity
necessary to imsure freedom from flutbter, these empirieal values have
been found to produce satisfactory results. It appears that ‘the curve
of satisfactory Cpp values moves vertically with increass in weight
and so rotates as to result in an increase in the stiffness of the ouber
portion with increase in design V,. For values intermediate to those
shown on the curve, interpolations may be made.

3. Since the actual torsional deflection of the wing willdepend om the
moment cosfficient of the airfoil employed, it is advisable to introduce
the additional criterion that the maximum torsionsl deflection under the
1imit load eritical for torsion not exceed 3°.

4. The determination of saiisfactory rigidity of large aircraft becomes
more difficult and requires detailed studies. 8uch aireraft will, in
general, be handled &5 special cases under the provisions of 6 CFR 04.404.

WING BEAM JOINTS
1. See ACM 04.402.
FABRIC COVERING

1. Except in the case of light =irplanes (ses 6 JFR 04.01b), the fabrie
should conform with Army specification 6~97-E or Navy specification
27C12«b, or the squivelent. The materiasl covered by these specifications
is commonly lnown as Grade A mercerized cobtton fabric. In the case of
light airplanes the use of a lighter weight fabric of similar qualitby,
known as Mlight airplane fabric", is acceptable. This material should be
purchased to a2 definite specification. The following values are mccept~
able: '

Threads per inch --- 114 warp, 116 fill
Strength ~w——mmvomam- 50" Ibs/in warp, 40 lbs/in £ill
Weight —~—~-vvenc——u- 2.6 oz/5q yd.




04.

AIR COMMERCE MANUAL

TORSIONAL RIGIDITY OF WINGS <

FOR REQUIREMENTS-

60

SEE 6 OFR 04.404, 04.412, 04.424
FOR RIGIDITY DISCUSSION-

SEE ACM Q4.4
FOR TEST METHODS-

8

20

SEE INSPECTION HANDBOOK
CHAPTER Vill, PARA, 223 -232

FOR AILERON BALANCING-

SEE 6 CFR-04.424

FOR
ANTILEVER WINGS

(o1 ]

06

04

OVERHANG OF
BRACED WINGS

STRUT

0.2

CyR | COEFFICIENT OF TORSIGNAL RIGIDITY - MILLIONS OF LB. INF

I

ol

0.08

GENERALLY APPLICABLE TO
FABRIC GOVERED CANTILEVER

WINGS OR FABRIC COVERED
WINGS WITH LARGE OVER~-
HANG (SEE & CFRO4.412)

CURVES SHOW GENERAL
MINIMUM SATISFACTORY

VALUES OF Ctp FOR
UNCOVERED WINGS,

dL
Crp=M3g  WHERE,

M = TORQUE MOMENT IN INCH-
LBS., APPLIED NEAR TIP,

4k« SLOPE OF THE CURVE OF
ANGULAR DEFLECTION VS,
DISTANGE FROM TIP, WHERE
dL 1S EXPRESSED IN INCHES
AND d© IN DEGREES.

006

20 40 &0 80 100 120

140

160 180 200 220 24

1O

DISTANCE FROM WING TIP - INCHES

FIG. 32 TORSIONAL RIGIDITY OF WINGS
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Tape and thread should likewise be of high quality ami should be
purchased to definite specifications.

2. MNethod of Atbaching Fabric to the Structure. Usually ‘this is
aceamplished by lacing to the ribs, in which casge the proper spacing
of ribs and lacing is very important. PFig. 33, derived from extensive

‘experience, indicates maximum sebisfactory values. 0Other means of

attachment such as self-tapping screws, wire and strip should give
comparsble support. In questionslbe cases, skebches and tests (or
test proposals) should be submitted for rulings by the Secretary.

3. Dope and Other Protective Coatings. The number and type of such
coatings is usually based on such faotors as the service expected,
degree of finish desired, and cost. A typical schedule for doping is
given belows

a. Two goats of clear nitrate dope, brushed on and sanded
after second coat. )

b+ One coat of clear nitrate dope, either brushed or sprayed
and sanded.

c. Two coabs of aluminum pigmented dope, sanded after each
coat.

d. Three coats of pigmented dope (the color desired), sanded
end rubbed to give a smooth glossy finish when completed.

Precaution should be taken not to sand heavily over cenbter portions of
pinked tape and over spars in order not to damage the rib stitching
cords and fabric. For further detalls see Appendix IV herein.

VETAL~-COVERED WIKGS

1, The covering should be sufficiently strong snd adequately supported
to withstand oritical air leads and hendling without injury or undesir-
able deformations. Deflections or deformations at low load factors
vihieh may result in fatigue failures should be avoided. In general,,
skin which shows deformations commonly known as Moil-canning® under
static conditions is considered unsatisfactory.

2. TIn an attempt to esteblish an empiriesl method of predicting panel
sizes vwhich will be free from unsatisfactory Moil-canning", Pig. 34

has been included as a proposal. In this case the skin thickness and
unsupported panel width have been considersed the main wariasbles. Other
important varisbles include stress (if apprecisble) oarried by skin,
airspeed, wing loading, and workmenship. Comments and data on this sub-
jeot are solicited.

IETAIL DESIGH OF TAIL AND CONTROL SUHFACES

l. It is very important that conbrol surfaces have sufficient torsicnal
rigidity., Torsional deflections up to «15° per ineh length under the
eritical 1limi%t lomd have been found soceptable, provided however, that
the maximum deflection does not exceed either 1 degree per square foot

82784 0—383—8
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MAXIMUM RECOMMENDED VALUES FOR

ATTACHMENT OF FABRIC TO AIRFOILS
REF. ACM 04.4i5

CURVES PRESUME LEADING EDGE SUPPCRYT
REINFORCEMENT SUCH AS PLYWOOD,
METAL, CR SUB-RIBS,

IN SLIPSTREAM-
USE 75% FACTOR FOR LACING AND RIB
SPACINGS EXCEPT THAT LACING
SPACING NEED NOT BE LESS THAN 1",

AFT OF 30% CHORD POINT-

- WHEN AFT PORTION ONLY 1S FABRIC-
COVERED, LACING AND RIB SPACINGS
MAY BE INCREASED BY 25%.

‘MAXIMUM SPAC}DIG OF RIB LACING - INCHES

-4 LACING TO BE CARRIED TO LEADING
EDGE WHEN VELOCITY EXGEEDS 275 MP
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FIG. 33 FABRIC ATTACHMENT
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of total area (of one mileron, one elevator, etec.), or 10 degrees.
In questionsble cases tests should be conducted as outlined in thé
Inspection Handbook Chapter VIII, paragraphs 173 to 179 inclusive.

2. (learances, both lineer and angular, should be sufficient to
prevent jamming due to deflections or to wedging by foreign objects.
It is common practice in the design stage to incorporate an angular
olearance of 5 degrees beyond the full travel limit. BSurfaces and
their bracing should heve sufficient ground clearance toawid damage
in operation.

3., External wire bracing on tails is subject to vibration and the
design of the wire assembly and énd connections should be such as to
withstand this condition. Swaged tie rods are recommerded, except that
for use on light aircreft unswaged rod is acceptable if the polnts
covered in ACM 04.403 are followed. ILeading edges and struts should
have adequate strength to withstand handling loads if handles or grips
are not provided.

4., Direct welding of control horns to torque tubes (without the use of
a sleeve) should be done only when a large exeess of strength is indicated.

STOPS

1. Btops are not specifically required at control surfaces except in the
case of adjustablé stabilizers or elevator railing edge tab systems (6 CFR
04.421 and ,4261), In these cases the stops should be positioned so as

to 1imit the travel to the approved range. However,it is recommended that
some form of stop be employsd on all surfaces rather thanto depenmd on ac-

‘cidental interferences, particularly ir the case of large surfaces where

the deflections in the control system may permit the surface to exceed the
design range of travel. See also ACM 04.431,

HINGES

1, The following points heve been found of importence in comnection with
hinges: :

8., Provision for lubrication should be made if self-lubricated or
sealed bearings are not used.

b. The effects of deflection of the surfaces, such as in bending,
should be allowed for, particularly with respect to misaligrment
of the hinges. This may also influence spacing of the hinges.

6. Sufficient restraint should be provided inm one or more brackets
to withstand forces parallel to the hingecenterline. Rudders,
for instance, may be subjected to high vertical accelerations in
ground operation.

d. Hinges welded to elevator torque tubes or similar components may
prove difficult to align unless kept reazonably short and welded
in place in acourate jigs.

«4=12
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e. Piano type hinges are acceptable with certein restrictions.
In general only the Rclosed™ type should be used, i.e., the
hinge leaf should fold back under the attachment means. The
attachment should be made with some means other than wood
secrews , and this attachment should be sz close as possible
to the hinge line to reduce flexibility. Piano hinges
should not be used at points of high loading, such as op-
posite conbtrol horns, unless the reaction is satisfactorily
distributed. Due to the diffioulty in imspecting or replac-
ing a worn hinge wire, it is better to use several short
lengths than ome long hinge.

BIEVATORS

1. TWhen dihedral is incorporaﬁed in the horizontal tail the universal
conngetion between the elevator sections should be rugged to conform
with 6 CFR 04.423.

DYNAMIC AND STATIC BATANCE OF CONTROL SURFACES*

1. Dynamic Balance. A movable surface is dynemically balanced with
respect to a given axis if an angular acceleration of the surface shout

. that axis does not tend te cause the surface tec swing about its own hinge

line. A control surfece which is dynamically balanced about a certain
axis will therefore remain ™neutral™ with respect to & torsional vibration
sbout that exis; that is, it will set sz though rigidly comnected with,
and a part of , the fixed surface to which it 4is attached. As the types

of flutter likely to be sncountered in aireraft structures involve both
torsional and bending vibration, the type of balancimg employed and the
ochoice of a suitable reference axis for any given case will depend on the
particular form of flutter to which the component is subject.

2. The dynamic balance coefficient Cp is an approximate measure of the
dynamic balance condition of a control surface, & zero coefficient corre-
sponding to ccmplete dynsmic balance and positive and negative coefficients
ecorresponding to umbalance and over-balance respectively. This coefficient
is non-dimensional and eonsists of a fraction whose mmerator is the re-
sultant weight product of inertia of the control surfece (sbout the hinge
and oscillation axes) and whose denaminstor is equal to the weight multi-
plied by the asrodynemic ares of the gontrol surface.

3. In casputing the dynsmié balance coefficient of a contrel surfecse., the
X-axis is taken coincident with the assumed oseillation axis (or oscillation
axis projected, see 4 b below) and is positive rearward. The Y-axis is

- % It will be noted that the current 6 CFR 04.424 refers to allerons.
At an early date, however, this section will be changed to corre-
spond with ACM C4.424 as herein written. At that time a1l 6 CFR 04
requiremerts pertaining to dynamic and static balance will be de-
leted ahd these interpretations of ACM 04.424 will apply in lieu
thereof.
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o4 Al COMMERCE MANUALL

CP OF MANEUVERING
LOAD DISTRIDUTION
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FIG 35 DYNAMIC BALANCING OF CONTROL SURFACES
(REF ACMO4 424 -3)
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taken coincident with the hinge axis, the positive Y-axis beinmy taken
on the same side of the X-axis as is the CP of the maheuverirg load
on the surface, as shown in Pig. 35. (See 6 CFR Figs. 04~5 and 04-7
for the maneuvering losd distributiom.) It should be noted that it

is unnecessary to compube the positior of the CP for these purposes

if the side of the X~-axis orn which it lies.may obviocusly be determined
by inspection. After the reference axes have been established the sur-
face should be divided into a relatively smell perts 'and the weight of
each such part and the perpendicular distance frem its CG to each axis
should be determined and tabulated. Referring to Fig. 35, the product
of inertia of the item ‘of weight AW is equal to Mixy. The resultant
produvet of inertia is the sum of the individuml products of inertis of
each part. The dynemic balance coefficient is given by the formula:

= E2MVxy

WA S
4, The following points should be observed in meking dyramic balance
computations: .

Cg

a. Tabs, additional weights used for balancing, and those por-
tions of the control system which contribute to “the product
of inertis should be included in the computations.

b. TWhen the oseillation axis is within 15 degrees of being
paralle] to the median plane of the surface in its unde-~
flected position, the projection of the oscillation axis
on such median plane may be used as the X-azis for pur-
poses of computation. {This procedure is useful in the
case of silerons, outboard rudders, etc.)

¢. When the product of inertia about the hinge (Y) axis and
a given X mxis in the median plane of the surface is known,
the product of Inertia sbout the hinge axis and any other
(X,) axis in the median plane of the surface and parallel
to the X-axis may be obtained from the formula:

Ixgr = Ixy + yOW?E
where Ixy = product of inertia ebout XY,
Ixy = product of inertia about XY,
Y, = perpendicular distence between X; ard X.
Note that X; must be parallel to X and
that both of these axes must be in the

mediar plans of the surface.

Wx = static moment of the surface about the
hinge line (=ZMx).

«4=15
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In using this formula the sign of Iyymust be reversed if the X
axis i5 on the side of the (P (see 3 above) opposite from the
X axis.

5., Static Balance. Stabtic balance of a movsble conbrol surface is
obtained when the CG of the movable structure is located on the hinge
line or in a plane through the hinge line and normasl to the median
plane of the surface. The following points should be noted in con-
neotion with statiezlly balenced surfeces:

8, When a surface is statically balanced the numerical value
of the product of inmertia is the same for any set of psr-
allel oscillation axes. This may be seen from the for-
mula in 4c above since the quantity y A% is equal to zero
for a statically balanced surface. Note, however, that
the sign of the product of inertia will depend on the lo=-
cation of the oscillation axis with respect to the CP as .
stated in 4c above.

b. It should be noted that when each section of a surface
perpendicular to its hinge axis is statically balanced,
the surfece willle in complete dynemic balance for os-
ciliations about any axis perpendicular to the hinge
uis o. !

t. When a surface is stebtically bamlanced it will have = ,
relatively smell amount of dynamic wnbalance with re- : .
speet to oscillations about an axis parallel to the
hinge axis.

6+ Compliasnce with the following dynsmic balance coefficients and
static balance conditions should be shown unless other squally ef-
fective steps to prevent control surface fluther are shown to have
been takens

a, Ailerons. When Ve is in excess of 200 mph, silerons should
be staticslly balanced about their hinge lines when in neutral
position, and the dynemic balance coefficient as computed
about the aileron hinge axis and the longitudinal axis of the
airplane should not be greater than the following walue

Cg = 0.08 (3 ~ Vg/100)

except that it need not be less than zero. Ailerons on in-
ternally braced wings, on wings braced by wires only, or on
wings which in the opinion of the Secretary are susceptible

to flutter, should be statically balanced. Speclal considera-
tion will be given to lesser static and dynsmic balance when
the aileron control system is irreversible.
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b. Rudders. When V, is in excess of 200 mph, the dynesmic balance
coafficient of tﬁe rudder(s), as computed about the rudder hinge
exls and the sxis of torsional vibration of the fuselage, should
not be greater than the value given in 5a above, except that it
need not be less than zero. When rudders are hot in the plane
of symetry they should be statically balanced.

cs+ Blewators. When Vg is in excess of 200 mph, the dynamic
balance coefficient of each seperate elevator {or easch half
of a continuous elevator), as computed about the elevator
hinge sxis arnd the centerline of the intersecticn of the
stabilizer and the plane of symmetry, should not be greater
than 0,08, When the rudder(s) has (have) complete dynsmio
balance a8 special ruling sghould be obteined from the Secre-
tary regarding the elevetor dynamic balance if the ccefficient
is greater than 0.08, This ruling willls dependent on the
general design of the entire tail unit.

de Tebs. Trim and balancing tabs should be statically balanced
sbout their hinge sxes unless an irreversible non-flexible tab
control system is used. The balancing of control tabs will
depend on the particular instellation involved and special
rulings should be cbtained from the Secretary in such cages.

7. The dynamic and static balance conditions specified above should be
attained, insofar as is practicable, by so shaping the surface and so
disposing the sitructural material, as to reduee the necessary additional
balance weight (if any) to a minimum. When such weight is used, it
gshould be rigidly snchored to the structure. In ®dditior it should, if
practicesble, be s¢ distributed along the length of the surface that fhe
torsional stresses sel up dy en oseilletion of the surfece will be low.

WING FLAPS

1, In addition to the usual air lodads, flaps may be subjected to high.
local loadings from impset of water when the airplane is operated from
woet fields, or when used on seaplanes. This is particularly true of
low~wing instellations.

2. Ground clearance of the flaps should be considetred in the initial
design steges, 12 inches being a reasonable minimum. Sinoe flap travel
may be varied before finel approval in order to secure the desired
flight-path, trim, or landing characteristics, the meximum expected
travel should be used when determining clesrance.

TABS

1., ¥inimum deflections and play are of first importance in the in-
stallation of these surfaces. Strength of the surfaece snd anchorage
should be sufficient to prevent damage or m;salignmsnt from handlirig,.
This is particularly true of thin sheet tabs which are set by bending
to The proper position. 8See also ACHM 04,424,

«4=17
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TAIL SURFACE BALANCING
1. See ACM 04.424.
DETAIL DESIGN OF CONTROL SYSTEMS

1. General. The movements of horns, cables and other components

with respect to each other should be such that there is no excessive
chenge in system tension throughout the range., Adjustable stabilizer-
elevator combinations, in particular, should be checked for this con-
dition. Pulley guards should be close fitting to prevent jamming
from slsck cables sinece wide Temperature variations will czuse rigging
loads to vary appreciably.

2. Travel. The travel of the primary control elements is generally
dependent on the size of the aircraft. Stick ftravel at the grip may
vary from 18" x 18™ tobal to much smaller values for light aircraft.
Angular travel of the zontrel wheel from neutral may very correspond-
ingly from 270° to 90°, A usual value of pedal travel is 6" total.
There is a trend toward adjustment for variations in stature of the
pilot, either in the seat or at the controls.

3. Positioning. In the layout and positioning of a conirol considera-
tion should be given to its relative importance and to its convenient
placement for the usual sequence of operatlons. Thus for landing, it
is desirsble that throttle, propeller pitch control, flap control, and
brekes be operable without changing hands on the wheel or stick. Like-
wise secondary controls such as fuel wvalves, extinguishers, and flares
should be so leooated that the possibility of accidentel or mistaken
operation is remote. '

4. Centering Charscteristics, A point sometimes overlooked is the ef-
feet of the weight of a control member or of & pilot's arm or leg on
the centering charscteristics of the contrel. For insbtance, resting
the hand oz a stick grip in which the fore and aft axis is not directly
below the grip will tend to apply aileron. Likewise rudder pedals con
which the whole foot is rested ahd which have their hinge line below
the pedal will tend to move awey from center.

5. Cables. Control cmbles should be of the 6 x 19 or 7 x 19 extra-
flexible type, except that 6 x 7 or 7 x 7 flexible cable is acceptable
in the 5/32 inch diameter size and smaller. For properties see Table
4-11 of ANC~5. BEnd splices should be made by an approved tuck method
such as that of the Army and Kavy., except that standard wrapped and
soldered splices are scceptable for cable not over 3/32 ihches in diam-
eter. Approved swaged-type terminals sre slso scceptabls. It should
be remenbered that ceble sizes are governed by deflection conditions
as well as by strength requirements, particularly when a long cable is
used.
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8. Spring type connecting links for chains have been found to be
not entirely satisfactory in service. It is advisable that a more
reliable means, such &g peening or cobtbter pins, be employed.

7. Fairleads should be used to prevent cables, chains and links
from chafing or slapping against parts of the sircraft, but should
not be used to replace pulleys as a direction-changing means. How-
ever, where the cable load is small, and the locstion is open to
easy visual inspection, direction changes (through fairleads) not
exceeding 3% are satisfactory in primary control systems. A some-
what grester wvalue may be used in secondary control systems.

B. When using extreme values of differential motion in the aileron
control system or a high degree of aerodynsmic balanee of the ailerons,
the friction in the system must be kept low, otherwise the allerons
will not return to neutral and the lateral stability characteristics
will be adversely affected. This is particularly true when the aile-
rong are depressed as part of a flap system, in which case there may
oven be definite overbalance effects.

9. Adjustable stabilizer controls should be free from ™ereeping®
tendencies. When adjustment is secured by means of & screw or worm,
the lead angle should not exceed 4° unless additional friction, a
detent, or equivalent means is used. In general, some form of irre-
versible mechanism should be incorporated in the system, particularly
if the stabilizer is hinged near the trailing edge.

10. Dual control systems should be checked for the effects of opposite
loads on the wheel or stick. This may be critiecal for some members

such as ailerocn bell orank mountings in an "open™ system, il.e., nmo re-
turn except through the balance cable between the ailerons. In addition,
the deflections resulting from this long loed path may slack off the
direct comnection sufficiently to cause jamming of cablss or chains un-
less smoobth close=fitting guards and fairleads are used.

11, The rigidity of s control system should be such that under the
1imit load the deflection of the system does not result in an angular
deflection of the contrel surfece of more than one-fourth of its anguw
lar throw from neubral to the extreme position. Note that this is
system deflection only; surface deflections are discussed in ACM 04.42.

12. It is essentiasl that when & nose wheel steering system is inter-
comected with the flight controls care be taken to prevent excessive
loads from the nose wheel overstressing the flight conbtrol system.
This objective mey be attained by springs, a weak link, or equivalent
means incorporated in the nose wheel portion of the control system.
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8TOPS

1. Although the location of stops within the control system is not
specified, they should preferably be located close to the operating
force in order to avoid a "springy™ control. As noted in ACM 04,421,
additional ssops may in some cases be needed at the surfaces. 8tops
should be adjustable where production tolerances are such as to result
in appreciable variation in range of motion.

JOINTS

1. Bolts, straight pins, taper pins, studs, and other fastening means
should be secured with approved locking devices. (See ACM 04,4020)
Rivets should not be subjected to apprecisble tensicn loads,

2, The assembly of universal end ball and socket joints should be in-
sured by positive locking means, rather than by springs. TIn addition
the angular travel of such joimts should be limited by system stops
rether than by accidentel interferences which may induce extremely high
stresses in the joints.

3. Woodruff keys shéuld not be used in tubing unless provision is made
against the key dropping through an oversize or worn seat.

FLAP CONTROLS

1. Undesirable flight characteristics, such as loss of 1ift and con-
sequent settling, may result from too rapid operation of flaps which
give appreciable 1lift. When the prime funetion of the flap is to aot
as a brake, however, slow operation ig not so important. When flaps
extend over & large portion of the span the control and means of inter-
comnection should be such as to insure that the flaps on both sides
funetion simultensously.

TAB CONTROLS

l. In addition to the air loads, consideration should be given in the
design to the lapping effect of dust and gresse on fine threrds, de~
flections of the tab due to the small effective arm of the horn or equiv-
alent member, and vibration common to the trailing edge portion of most
movable surfaces. :

2. It is advisable to avoid s ‘tab control with smell travel because of
the resulting abrupt action of the tab.

SINGIE~CABLE CONTROLS
1. Single cable controls refer to those systems which do not have a
positive return for the surface or device being comtrolled. Rudder con-

trol systems without a balance cable at the pedals mre considered satis-
factory if some means such =s a spring is used to meintein ceble tension
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and to hold the pedals in the proper position. It should be noted
that it is not the intent of the specified requirement tomquire a
duplication of cables performing the same function.

DETAIL DESIGN OF LANDING GEAR

1. The wheel travel should be ample for the service and reguirements
involved. The geommetric arrangement of members in the landing gear
should be such that the wheel travel in the direction of the resultant
exterral force will be adequate. See ACM 04.440-1. Extremely high
heat treats, particularly whet combined with thin sections, are usually
sources of trouble in service. An ultimate strength of 180,000 pounds
per square inch may be regarded as a ususl upper limit, except in spe~
cidl cases. To prevent binding and scoring in shock sbsorbers it is
desirable to keep bending deflections, and bemring stresses at pistons,
pecking glands and bearings, at low values.

2. In genoral the purpose of unconventional gear is to facilitate land-
ing under unfavorable oconditions. In order to realize this purpose it
is advisable that the energy absorption capecity be in excess of that
neesded for conventional gear.

' SHOCK ABSORPTION

1. In order to obtain sdequate energy absorption without exceeding
the specifiied load factors it is essential to provide sufficient wheel
travel. Neglecting the effect of tire and structural deflecticn, it
may be shown thats

e=_B
ny - 1

t = ocmponent of wheel travel in the direction
of the resuvltant external force.

h = specified height of drop,
n = load factor, and
N, = sbsorber efficiency.

Thus when a certain height of drop h must be met without exceeding a
load factor n, the recammended minimum wheel travel for any absorber
efficlency may be compubed. While absorber efficisncies as high as .85
have been developed, it should be noted that such shock absorbers tend
to give bouncing and undesirsble taxiing characteristics. This may be -
obviated by ample travel in cambination with an sbsorber whick does not
develop high loads in the first part of travel but rather ™builds-up®
graduelly to a pesk load only when mear the fully deflected position.
In such cases, an efficiency of .60 to .70 may be expected. The effect
of the tire in altering the above relationship will in general not be
large because, while it provides additionsl enorgy sbsorption, its de-

flectior inoreases the energy to be dismsipated. 8tructural deflections,

while not usually of importance, mey in some cases appreciably reduce
load factors.
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A wheel appended to a previocusly approved tail skid instellation will
not be classed as & "landing gear wheel®™. See ACM 04.0611-B for an .
acceptable procedure for use in mslking such a change.

RETRACTING MECHANISM

l. The requirement of a visual position indiceting meahs may usually be
met by mechanically or electrically operated indieators. When windows

or other openings are so placed that it is possible for the pilot to note
directly the position of the wheels, a separate visusl indicator is not
required. In such cases, however, it is essential that illuminetion be
provided for night operation. When it is necesssry for latches to op-
erate before the gear will carry landing loads, lights or other means
should be used to indicate completion of this operation. In the cese of
amphibians the requirement in 6 CFR 04.444 regarding swal indicators
does not apply. With this type of airplane it is usually more important
to guard ageinst the possibility of alighting on the water with the wheels
dowti.

2. In the design of retracting systems, the source of most service troubles
lies in such items as latches (particularly if spring lomded), limit
switches, vdlves, cable installations, universal joinbts, and indicating
systems. The effects of mud, water, ice eand extreme temperature variations
should be studied.

3. In manually operated systems it is desirable that the crank or lever
forces not exceed 15 to 20 pounds. Further, about sixty 12 inmch strokes
por minute is a practiocal meximum. Hence the total work input for opera-
tion varies with the time. To keep this at a reasonsbly low value, it

is therefore ‘important that losses be kept small. With larger and heavier
goar the use of a bungee may be necessary.

The usual reduction ratics of screw and nut, and of worm and worm wheel
combinations, are considered to provide irreversibility. Detents or other
means should be provided however if there is apprecisble creeping. Sme
types of swinging apms which move slightly past dead center to a position
against g stop are also acceptable, but the effect of bouncing on landing
should be considered.

HULLS AND FLOATS

l. Genersl practice in the design and construction of floats and hulls

is well esteblished. Rivet spacing for watertight joimts is substantially
closer than required for structural strength. The same applies %o spacing
of spot welds. Drain holes should be positiomed at stringers, transverse
fremes, and other members so ‘that waber will drain %o the low point with-
out being brapped in pockets at insccessible points. Adequate inspection
openings should be provided. TWhen the bottom is curved in transverse
section there may be high loads acting inward at the chine between frames
due to the tension in the bottom plating.

«4-22
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2. Due to the severe nature of the lomds imposed by water operation,
consideration should be given to the effect of sharp impacts and rack-
ing loads. Particular attention should be paid to fittings, and, in
twin float seaplanes, to trusses and members ocarrying unsymmetrical
loads.

BUOYANCY (MAIN SEAPLANE FLOATS)

1. Tt should be noted that Canadian reguirements specify that twin~
float seaplanes shall have at least 100 per cent reserve buoyancy in
the floats. 8ee alsc ACM 04.451.

BUOYANCY (BOAT SEAPLANES)

1. Any of the methods common %o naval achitecture may be used to
demonstrate compliance with buoyancy requirements. Bulkheads should be
wetertight at least 18 inches above the wabter line being considered.
Acceptable substitubes for watertight doors in bulkheads are sills or
sections which may be. s1lid or set inbto place. These should likewise
extend at least 18 inches above the waterline considered. and should
be quickly installable. Bulkheads should possess ample strength to
withstand hydrostatic loads with some reserve for surges. Cables in
the hull should not be carried below the waterline due to the imprac-
ticability of sealing at wetertight bulkheads. Watertight elosed com-
partments should be vented to a point well above the waterline and con-
sideration should be given to air pressure variation at the venbting
point.

WATER STABILITY

1. The methods employed in navel architecture may be used to demon-
strate campliance with the stability requirements. In some cases this
compliance has been shown by assymetric loading of the aircraft on the
water. Compubations are acceptable but with certain %ypes of sesplanes,
such as those incorporating seawings, the use of metacentric height as

a criterion becomes mesningless due to varistion with list and loading.
Recourse must then be made to methods such as Bonjean curves or the
homogenous mass method to demonstrate the exigbence of adequate righting
moments. For & further discussion of methods see texts such as "The
Naval Construction™ by Simpson, "Theoretical Naval Architecture™ by
Attwood, and "Engineering Aerodynamics® by Diehl. Note that the Cenadian
requirements for twin float seaplanes specify that the metacentric height
shell not be less than the following values:

Transverse metacentric height = 45 D ft, and
Lopgitudinal mebacentric height = 65 D %, where

D = total displacement of the seaplane in cubie feet.
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APPENDIX I

AN INTERPRETATION OF 6 CFR 04,003 FOR THE CASE OF LARGE AIRPLANES

GENERAL

1, Since, as stated in ACM 04.003, the present 6 CFR.04 reguirements
are baged largely on experience with airplanes weighing less than
30,000 pounds, it ig realized that certain of these requirements can-
not loglcally be applied to larger and larger aircraft without involv-
ing either the danger of inadequate rules or the disadvantage of %too
severe requirements, It is therefore essentisl that, during the initial
stages of the design of such airplanes, the designer contact the Buresau
for special rulings which will be made for the particular design in-
volved., It is likewise essential that very cloge cooperation be mein-
tained between the designer and the Bureau throughout the design period
and until the completion of the airplane.

2, Although it is impossible to anticipate all of the new airworthiness
problems involved in the design of large aircrafit, the modifications to

68 CFR 04 which are outlined in the following sections are considered to
be generally applicasble to sueh aircraft. IF cases arise in which there
is doubt as to their applicebility to a particuler project, the designer
is of course at liberty to employ alternative modifications, provided
that such modifications are substantiated. This appendix will be revised
from time to time as new modifications are adopted.

STRUCTURAL LOADING CONDITIONS

1. Design Gliding Speed. (See 6 CFR 04.211). A Vg of less than 1.25

V. is in general believed inadequate. This factor may, however, be re-
duced if it is shown that the resulting placard meximum speed suffices
for all the contingencies which may arise in operations. It is suggested
that & polar diegram be plotted, showing the flight paths, indicated air
speeds, and rates of descent, with zero thrust and with cruising power.
This will assist in debtermining the adequacy of the design gliding speed
rroposed.

2. Meneuvering Load Factors. (See 6 CFR 04.2120). Although large air-
planes are generally less maneuverable then smsller ones, they are also,
in many cases, less ocontrollable after a mameuver has been begun, either
advertently or inadvertently. DPending ‘the development of more rationsl
maneuvering load factor criteris for such airplanss, it is bélieved that
the minimum limit maneuvering load factors of + 2,67 and -~ 1,333 'should
be used at all speeds up to Vg.
82784 O—38—9
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3. Gust Loed Factors. (See 6 CFR 04.2121). The limit load factor
inerement due to gusts should be computed from the equation given in
6 CFR 04.2121. The value of X should, However, be taker from Fig.Iwl
which represents the latest available data on the varistion of this
factor with wing loading. Positive anf negative walues bof U of 30
Peet per second should be used in Comdition I (6 CFR 04.2131) and
Condition IT (6 (FR 04.2132). The resulting gust load factors should
also be used for Cordition IIT and IV respectively.

4, Horizontal Tail Surfaces. (See 6 CFR 04.221). A 30 foot gust
should be used for the design of the horizontal surfaces at Vi. The
effects of downwash on the horizontal teil may be allowed for. MNore
definite information on this. can probaebly be obtained from the NACA.
The question of maneuvering loads is difficult to decide at present.
The existing requirements may be satisfactory, but sheuld not be relied
on as final. A retiomal study of the specific case involved, based on
the maximum deflection likely to be used at Vp, may lead to more appli-
cable normal force coefficients than those specified by 6 CFR 04.2211.

5. Ailerons. {See 6 CFR 04.223). It is suggested that the maximum
deflection likely to be used at Vp be taken as a criterion for aileron
design loads. This will involve an investigation of aileron loadings
based on normal force coefficients and pressure distribution data.

6., Wing Flaps. (See 6 CFR 04.211, 04.214, and 04.244). The present
requirements for flap design speeds can probably be lowered to 1.67 Vgp
(placard 1.5 Vgp) provided that gust velocities of + 30 and - 30 feet

- pet second are used in Conditions VII (6 CFR 04.2141) and VIII (6 CFR

04.2142) respectively. If pantial deflections are to be used at higher
speeds an additional investigabtion is necessary.

7. landing Load Factors for Boat Hulls. {See 6 CFR 04.25). I% is
renlized that the present requirements for boat hulls require further
rationalization end it is suggested that studies be made of the general
situation and that proposals on what are believed to be suitable re-~
quirements be submitted to the Bureau. Suggestions ccncerning the gen-
eral mature of the landing conditions which might be considered are as
follows:

8. Step Lending. The present condition (6 CFR 04.254) is probsbly
severe enough as far as Joad factors are concerned. It is sug-
gested, however, that this condition can eventually be put on
a more rational basis such as is now used in Germany. Considera-
tion will be given to a reduction of the lamrding load factor as
applied to wings.

h, Stern landing. The load should be applied over the bottom area
near ‘the sbern, to give an applied load factor of from 2 to 4
(design = 3 to 6). The mament about the CG is to be resisted
by angular inertia forces.

T3
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c. Bow Landing, Similar to (b) with load applied near bow.
This will also cover take-off conditions,

d. Side landings. The side loads should be combined with
conditions (a) (b) and (c), ‘the magnitude to be de-
termined possibly by angle of dead rise or by considers-
tions of landing with side drift, or both. Side and
bow lendings or side and stern Isndings will give design
conditions for twisting the wing off the hull. Such con-
ditions are comsidered essential, in view of the relatively
large moment of inertis of the wing about vertical and
longitudinal axes.

8. Bottom Pressures. It is suggested that .available date (such as R
and M 1638) be reviewed and that same correlation between pressure,
dead rise angle, and landing speed be established. As & possible
method for applying the loads it is suggested that two systems be used,
(a), local, and {b), distributed pressures.

a, Local Pressures. To esteblish, from available data and theory,
unit pressures %o be withstood over limited areas {(relatively
small) at different locations on hull bottom. A limit valwue
of 25 psi is considersd to be s minimum for the area just for-
ward of the main step. A proof of strength for this condition
could be made by traversing the hull bottom with a suitebly
woighted bag or similar device, the hull being 1nwerted w&th
bobtbom plating levsl.

b. Distribubed Pressures. To esteblish valuss of limit pressures
which might be reached over considerable areasof the bottom
in landing and take-off, and to design the bottam structure
and frames for the most eritical applications of this pressure.
It should be possible *to obtain sane date of this sort fram
the NACA in the resr fubture.

9, Loads on See Wings. Neo strength requirements have been formulated
for sea wings. The suitability of such installetions will be determined
by operating tests. It should be borne in mind, however, that water is
approximetely 800 times as darse as air and that ses wings and floats

are therefore subjected to wery high loads and pressures when they en~
gouriter waves in landing or on take-off. The manufacturer proposing to
use sea wings should substantiate the loading conditions chosen for their
design.

PROCF OF STRUCTURE

1. Effects of Size. It mppears that existing airplane structures hays
just about reasched the limit of safe extrapclation from previously ap-
proved structures and that furfher inerease in size introduses an element
of weertainty &ifficult te remove. In view of the serlous nature of

T4
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this situation it is suggesled that designers prepare a comprehensive
outline of the general methods of strengbh analysis to be used on wiugs,
fuselagss and hulls, &and of the specimen tests which will be made to sup-
plement the analysis, This material should be submitted to the Bureau
as early in the design stages as is practiceble. It is apparent that a
thorough study of this situation is necessary if the Bureau is to avoid
requiring high margins of safety which will impair the efficiency of the
airplane. Otherwise it may be necessary to conduct destruction tests

of complete components, .

2. Wing Analysis. In preparing the program menticned in 1 sbove, the
following points should be considered:

8. Determination of the magnitude and distribution of stressss
due to bending and torsiom.

b. Détermination of allowsble compressive loads in wing covering.
c. Allowable shear loads in webs.

d. Combined loadings.

e OSpecimen tests, pansl tests, and partial wing tests.,

£f. Ulbtimete factors of safety. These may be inecreased over
the present required walues if there aprears to be un-
certainty as to the reliability of the strength enslysis
and test methods).

3. Tuselage and Hull Anslysis. A program such as outlined for wings
in item 2 sbove should be svbmitted. In particulsr, information should
be. included ag to the strength of main and intermediate frames; the
rigidity of intermediate frames and their adequacy in regard to the pre=-
vention of general instability; the strength of the side covering in
shear; the strength of vertical and longitudinel stiffeners as affected
by disgenal tension fields; the effectivensss of the ecovering in com-
pression, and the effects of cubouts arnd disccontinuities.

DETAIL DESIGN

1. Flutter Prevention. Before the design has progressed very far, the
Bureau should be informed as to all design features and preseautions to
be used to prevent flutter. Unucually large cantilever spans, and out-
board vertieal tail surfaces, may necessitate special precautions.

2. Control Systems., If a power control system is used, it will probably
be reguired that gertain minimm mensuvers cen he performed after the
power source has failed.

3. Exits. In view of the large size of the compartments, it is felt

that consideration should be given To supplyinhpg emergency exits on esch
side and at the top of each major compariment.

-5
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E PERFORMANCE (SEAPLANES)

1, Take-off. (Consideration is being given to replacing the maximum
allowable take~cff time by a maximum allowable take-off distance.
Comments on this sthject are invited. It is suggested that manufac-
turers contact the NACA with reference to design features which might
be introduced to minimize the dangers attendant to engine failure
during bake-off,

2. Ianding. Consideration is being given to a revision of the present
landing requirements to permit landings at higher speeds, with full
gross weight, if adequaste provision for such landings is made in the
design of the hull and no operating difficuities are foreseen.

3. Weter Handling Qualities. As noted in € (FR 04.452, the stability
requirements may have to be modified for large flying boats. Parbtiou-
lar attention should be given to the stability under lightly loaded
conditions, R and M 1653 (British Aeronsutibtal Ressarch Committee)
contains information on twin float seaplanes,

4, Operating Conditions. In view of the difficulty of controlling
the loading of large seaplanes by mesns of placards, it is sugpgested
that an investigation be made of the possibilities of actual messure=-
ment of the gross weight and center of gravity position by waber
pressure or by load water line measurements. It is theorebtically pos-
sible todetermine these values in the foregoing manner but practical
difficulties might be caused by the effects of wing, waves etc.

-6
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APPENDIX IT

(Sample Weight and Balance Report)

FAME OF MANUFACTURER
BEPCRT NO.

WEIGHTS AND BALANCE
OF MODEL

o

SERIAL NOQ.

TDENTIFICATIOR MARK

Prepared By
thecked By
Witnessed By
(Signeture of Bureau of
Alr Commerce
Representative)
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Page No.
Section l. Alrcraft Empty Weight Report No.

(4) Empty weight as weighed (in level landing positioni*)

/—Leading; edge of lower wing at point vertieally above wheel,

/—-‘“—-—.—-‘\‘-—.
‘\

/—Mark mimus if leading edge 1s aft of wheel.

*
- 210"
Scele Reading Tare Net
Left Wheel 1020 15 1005 1bs.
Right Wheel 1010 15 995 Ibs.
Tail Viheel 400 150 250 1lbs,

_ Totel 2250 1bs.
Total net empty weight ineludes residual oil. The oil tenk was filled and

the system drained before weighing. 5 gallons of oil were drained from the
system,

CoGe Empty (as weighed) is aft of wheel centerlines 3.5%3.2‘._5%}.9__ = 23,5"
C.G. Empty (as weighed) is aft of lower wing leading edge 23.3 + 6 =  29,3%
Lower wing leading edge is aft of datum 100.0"
C.G. Empty (as weighed) is aft of datum 100 + 295 = 129.3"

Datum to M.A.C leading edge = 102" (See page 2  of Report 981 )
% Measured along floor with aid of a plumb=-bob.

** Jevel by means provided in accordance with € CFR 04,.91.

IT-3
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Section 1. Contld.

(B) Empty weight as weighed imeludes the followings

(1) Cless I Bquipmentx*

Ttem Noe " Name

10 Starter

11 Battery

12 Heater

13 Ventilator

14 Generator

15 Position lights

16 8.50~10 wheels (Mfr. and model)

and 8.50~10 6-ply tires ——

17 10 1/2 in, streemline tail wheel--
6 Instruments not required (list)

(2) Items for which approval as Class II or Class IIT OPTIONAL equip-

ment is desired (and test equipment):

Page No,
Report No.

Weight™
21

40
2
4

20

Weights not

required except
when optional
wheels are used.

Hor.

1704
2976
312

200

1350
1800

160
500

2760
12461

250625

-12461
278464

Weight** Hor. Arm
(Net increase) from Datum Moment
7 Theel streamlines 24 71
19 Flares (Type) 17 175
4 Adj. metal prope 70 1lbs,.
(Class I prop. is wood
46 lbs.) 24 13
& Optional instruments
not required (1ist) 15 60
20 Optional fuel sapacity
70 gals, (2 tanks at
35 gals.) (Class I
capacity inecludes 2
tanks at 25 gals.
3% 1bs.) 15 90
21 Radio
Receiver (Type) and 30 60
antenns
Shielding (Type) 10 16
Bonding ' 10 50
5 Ballast container
and Straps, etce 20 138
Total optional 165
(3) Empty weight as weighed 2250 129.3
Optional Equipment =165
Basic empty weight 2085 Xp
XE = 278464 = Distance from datum to CuG. of

2085 airplane empty with all Class I items only.
* "class I Equipment™ (See ACM 04.0531 ). List all such items even though

weights are not included for some.

Ak A1l weights of equipment are installation weightss When weight listed is

net increase over Class I equipment, list weights for botkh as noted for

propeller and fuel tarks ebove (items 4 and 20),

#x% Thtem Numbers to correspond with numbers used in Balance Diasgram.

I1-4
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Page No.
Report No.
Section 2 - Most Forward C.Ge. Load Condition
(A) Lomding as actually flown: .
Ttem No. Name Weight Hor. Arm Hor., Moment
Empty weight as weighed 2250 125.3 290925
1 0il 5 gals. 38 51 1938
2 Fuel 20 gals. 1z0¢ 90 10800
3 Pilot + parachufbe 225% 90 20250
4 Propeller (If other than
noted in Section 1(B))
ba Ballast (incl. containers,
straps, etc.) 100 60 6000
Totals 2733 120.8 329913
Detum To M A4 C leading edge 102
Per cent of M A C 18.8 ¢ 80(MAC) = 23.5%
Inches af%t of leading édge of wing 120,.,8 - 100 = 20.8 in.
(B) Loading substantiated by 2{A):
Besic empty weight 2085 XE 2784.64
1o 0il 5 gals. 38 51 1938
2e Puel 70 galse.** 420 90 37800
3, Pilotk** 170 20 15300
3., Passengers (in front seat) 170 90 15300
3. Parachutes in front seats (2 at 20 lbs.) 40 g0 3600
4. Propeller (heaviest to be used)(70-46) 24 13 312
6. Optional instruments 156 60 900
7. Wheel streamlines ' 24 71 1704
21. Radio equipment forward of most forward
CoGe limit
Plus other items of optional equipment
gritical for most forward C.G. lomd
condition for which approval as Class III
egquipment is desired. _
Totals Wg x?**** M?

WOTES ARE FERTINENT TCO BOTH SECTION 2 AND 3.

*

¥

ok ¥k

P

Actual weight of pilot and parachute shall be used in Sections 2(4) and 3(4)

instead of standard weight of 180 lbs. (170 + 20).

Fuel substentiated shall be as follows: (See 6 (PR 04,7211}

{a) 1 gal. for every 12 MAXIMUM EXCEPTI TAKE~CFF horsepower when minimum
fuel is oritical.

(b) Full tenks wher maximum fuel is eritical.

When controls are arranged in fandem and the aircraft can be flown from:

either position, Secticn 2(B) will inelude the pilot in the front cockpit.

Similarly, Section 3(B) for the most rearward C.G. condition will include

the pilot in the rear cockpit. (Otherwise the airplane must be placarded

acoordingly).

Shell not exeeed limits in 2(4) and S(A).

II-8
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Section 3 -~ lost Rearward C.G. Load Condition

(4A) ZLoeding as actually flowns

AIR COMMERCE MANUAL

Page No.
Report No.

Ttem No. Neme Weight Hor. Arm Hor. Moment
Empty weight as weighed 2250 . 129.3 = 290925
1 0il 5 gals,. 38 51 1928
2 Fuel 20 gals. 120 90 10800
3 Pilot and Parsaschute 225% 90 20250
4 Propeller (If other than neoted
in Section 1(B))
5b Ballast (irel. containers,
straps, eteo) 200 250 5000
Totals 2833 132 373913
Datun to M A C leading edge 102

Por cent of M A C

30 & 80(MAC) = 37.5%

Inches aft of leading edge lower wing 132 - 100 = 3240 in,
(B) Loading substantiated by %{4):
Basic empby weight 2085 XE 278464
1. 0il & 2%3. 38 51 1938
2. Puel = 20 gals, ** 120 90 10800
Tz 8
3 Pilot k% 170 90 15300

4, Propeller (lightest to be used)

Ga
Te

ineluded in basic empty weight ne net increase

Plares (Type) 17 176 2975
Radio equipment aft of most rearward

CeG. (Passengers in rear seat are

at arm of 125, If aft of 132 the rear

passengers and parachutes should be

ineluded here)

Plus other items of optional equipment critical for most
rearward C.G. load condition for which approval as Class III
optional equipment is desired.

Totals, Wi{ Ip ¥k MR

NOTES ON PAGE 5§ ARE PERTINENT TO SECTION 3 ALSO.

Section 4 -~ Full load condition

(A) ZLoeding as eotually flown:

(seme form as 2(A) and 3(4))

II-6
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APPENDIX ITI
BIPLANE WING LIFT COEFFICIENTS

Reprinted frem Air Commerce Bulletin
Hovember 15, 1934

Two N. A, C. A, Technieal
Reports ! embody a complete exposition
of the latest available information as to
the effects on the individual wing liff
coefficients of stagger, wing thickness,
gap, decalage, overhang, unequal chords,
and unequal effective areas. The pur-
pose of this paper is to present in sum-
marized form a sim hﬂed practical
solution for Cz, and Cy, based on the
dats of these :reports, except for certain
pra.ctlcs.l compromises and the elimina-
tion of an inconsisteney as noted later.
Firgt are listed the known cellule and
wing characteristics, followed by com-
putations and references to the figures
of this paper in the order corresponding
to the duickest solution. A szmple
computation parallels the general
presentation.
Given:
b,=40 ft. Overall span of upper

wing.
=20 ft. Overall span of lower

wing,.
b ,=401t. Netspan of upper wing
{overall less fuselage cut-

out).

b'r=17.4 ft. Net span of lower
wing (overall less fuselage
cut-out}.

8.=300 sq. ft. Grorss area of up-
per wing.?

SL="786 sq ft Gross area of lower

wing.?
87.=300sq. ft. Net area of upper
wing (gross less cut-outs).
8’ =64 aq. ft. Net area of lower
wing (gross less cut-outs).
fw=17.5 ft.=8",/%,. Mean geo-
metric chord of upper wing.
¢'z=44 in.=8;/0'y. Mean geo-
metrie chord of lower wing.
G=066 in. Distance normal to
zero lift direction.?
Stagger=44 in. Distance parallel to
zerg lft direction.?
{r=6.6 in., Maximum thickness

ol ¢,
§=3. Decalage in degrees.
Solution:
11/G=,10=6.6/66
) s=1.0=stagger/c'r=44/44"
A:=.012 from figureld, func-
tion of {1/G and 5.

1, Relative Loading on Birlane Winga, by
Walter 5. Dieh'. NACA T.A.458. Eelatlve Load-
ing on Biplene Wingsoel Urequal Chords, by
Walter S, Dishl, MACA T.R. 501.

2. Assuming wings contlmdous from Lip to tip.
3. Betwson mean mercdyfamic centers of
upper and lowsr wings as shomn in

FiglI-€. (See ulsc ACH C4.217-E}

ITE-1

bu—b1,

_40—20
B =

40
F1==.50=1—b“"—bL

GJe' . =1.5=66/44
B =—.0596 from ﬁgure]!lf!
function of G/’
Cy=—.015 from figureli3,
b, — by,
function of e
D=C’L/c’u S: X Z'u
64 40
=356 <1750
Ky=[F\ (A B} 4+ C1]1D
=[.50{.012+ 3% —.0596)
+459—— 015)}.50

Ay=.050+0.17s=.050
+0.17X1

.50

=29
1
R=§[ +o
it 20
=31 300+ 76
=5.3

Fy=.76 from fignrelld, func-
‘tion of B and G/¢'t.

B,y== 0186
(A:Fy+ B) = ggg( J76+.0186X3

C;=—.013 from figurell5,
u ™ UL

functior of and
(42 F:+ Bp)
=[{AsF3+ B+ C) 1D

-=[( 233—.013)1.50

105
E=4 68=25" gy, £+ 300/64
Cr, —(1+K“)CL+K1
=(14.105)C—.049
Cr,=1.106C,—.049
Crp=(1—KE)C,— K\E
=(1—.105%X4.681C,
— (—.0493 4.68)
Cpy,=.508C+.23
When Cr=0,Ct,, = —.040C, =23
When C{,= l-O,CLu=].0560LL=.738

Plot straight lines through these
values in  rig. 12, page .1-10

Remarks: (1) It should be noted
that the methods in T. R. 501 of cor-
recting for overhang in figures 4 and 6
are incorrect in that Ky, Kn and K,
a8 well as F; X Kw and K, should
correspond to CLr,, equals unity, i. e,

O4~App 'III
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equal chords. The correction for un-
equal chords should have bheen intro-
duced later by multiplication of the
values of K; and K; for equal chords
by the ratio of geometric chords of the
lower to upper wing.

{2} Gross areas are used only for the
determination of the average aspect
ratio.

(3) For the case of deflected flaps
an  eguivalent decalage should be
introduced.

(4) In & correct solution the derived
sbraight lines for Cp, and Cip will
intersect at the corresponding value of
Cy, of the cellule.

{5) The use of the mean aerodynamie
centers makes this method of solution
applicable also to those cases where the
wings incorporate sweep back andfor
taper in plan form,

(6) Wings incorporating twist are s
special problem not directly amenable
to the procedure of this paper.
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APPENDIX IV

(To be supplied)
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